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PREFACE 

When  I  undertook  to  write  a  short  book  on  wheat, 
its  habitat,  its  transportation,  and  the  production  from 
it  of  wheaten  flour,  I  set  two  objects  before  me.  The 
first  was  to  tell  in  simple  language,  with  as  few 
technicahties  as  possible,  whence  and  how  the  raw 
material  is  obtained  and  to  describe  the  modern  method 
of  producing  flour,  so  that  my  work  might  be  of  interest 
to  all  classes  of  readers.  The  manufacture  of  flour  is 
now  such  a  science,  that  technicahties  cannot  altogether 
be  avoided  in  dealing  with  the  subject ;  but  I  have 
tried  to  simplify  the  terms  so  that  those  who  know 
little,  or  nothing,  of  the  industry  may  be  easily  able 
to  understand  the  various  processes  through  which  the 
grain  passes  before  pure  flour  is  ready  for  the  use  of 
the  housewife  or  baker. 

We  read  so  much  of  the  wheat  fields  of  the  United 
States  and  Canada,  as  also  of  those  of  India,  Australia, 
and  Argentina,  that  most  people  will  be  surprised  to 
learn  that  more  than  half  of  the  world's  wheat  crop 
is  still  grown  in  Europe. 

My  second  object  has  been  to  write  a  book  so 
technically  correct  that  it  shall  be  both  interesting  and 
useful  to  millers  and  all  others  connected  with  the 
breadstuffs  industry.  How  far  I  have  succeeded, 
I  must  leave  to  the  judgment  of  my  readers. 

Flour  milling  is,  even  yet,  in  such  a  state  of  transi- 
tion, and  new  methods  and  machines  are  so  con- 
tinually being  introduced  by  milling  engineers  and 
their  experts,  that  only  by  the  constant  study  of  the 
trade    journals     can    millers    keep    themselves     well 
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informed  of  the  latest    innovations    in  the  process  of 
manufacture. 

I  am  deeply  indebted  to  the  following  firms 
for  information  and  for  the  loan  of  illustrations 
used  in  this  book,  viz.  :  Messrs.  Bryan  Corcoran, 
Ltd.,  Engineers,  31  Mark  Lane,  London ;  Messrs. 
Samuelson  &  Co.,  Ltd.,  Engineers,  Banbury  ;  Messrs. 
Spencer  &  Co.,  Engineers,  Melksham  ;  Messrs.  Henry 
Simon,  Ltd.,  Engineers,  Manchester ;  Messrs.  E.  R. 
&  F.  Turner,  Ltd.,  Engineers,  Ipswich ;  The  Miller 
journal,  24  Mark  Lane,  London ;  and  to  Messrs. 
W.  Vernon  &  Sons,  Millers,  London  and  Liverpool. 

ANDREW  MILLAR. 

London, 

March,  1916. 


Note. — Import,  crop,  etc.,  tables  corrected  to  January,  1921. 
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WHEAT 

CHAPTER   I 

THE    GEOGRAPHY   OF   WHEAT 

Wheat  ( Triticum  vulgare)  is  one  of  the  group  of  farina- 
ceous annual  grasses  of  which  rye,  oats,  and  barley  are 
the  next  three  of  most  importance.  Wheat  is  divided 
into  two  principal  classes — winter  and  spring,  winter 
wheat  being  that  which  is  sown  in  autumn  and  stands 
the  winter.  In  colder  climates  it  is  important  that 
the  young  plant  shall  be  protected  from  the  most  severe 
frosts  by  a  covering  of  snow. 

Spring  Wheat,  as  the  name  indicates,  is  sown  in  spring 
and  so  escapes  the  rigour  of  winter.  Many  varieties 
of  the  cereal  do  almost  as  well  in  Great  Britain  whether 
planted  in  winter  or  spring. 

Of  the  origin  of  wheat,  or  of  the  country  which  first 
produced  it,  little  is  known.  It  has  been  contended 
that  it  was  evolved,  perhaps  in  prehistoric  times,  from 
some  species  of  grass  ;  but  of  this  there  is  not  the 
slightest  evidence,  and,  though  it  may  have  been 
developed  by  cultivation,  there  is  hardly  a  doubt  that  it 
was  always  a  distinct  plant.  Humbolt  in  his  Aspects  of 
Nature  says,  "  The  original  habitat  of  the  farinaceous 
grasses  is  wrapped  in  the  same  obscurity  as  that  of  the 
domestic  animals  which  have  accompanied  man  since 
his  earliest  migrations,"  and  no  one  has  been  able  to 
throw  any  light  on  the  subject. 

Probably  it  was  a  native  of  Asia  Minor,  and,  as  it  is 
mentioned  in  the  oldest  records,  it  was  obviously  known 
and  valued  as  a  food  by  primitive  man. 
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Wheats  are  commercially  of  two  colours,  red  and 
white,  but  actually  there  are  several  shades  of  each  ; 
yet  even  a  novice  would  have  little  difficulty  in  classi- 
fying any  sample  under  one  of  the  two  colours,  though 
he  might  suggest  that  some  of  them  were  yellow. 

The  varieties  of  wheat  at  the  present  day  are  un- 
limited, or  practically  so,  due  in  a  great  measure  to 
changes  caused  by  environment,  the  nature  of  the  soil 
on  which  it  is  gi-own,  climatic  conditions,  and  hybridisa- 
tion. In  some  parts  of  England  white  wheats  will, 
in  a  few  seasons,  become  red  when  grown  and  seeded 
on  the  same  farm  year  after  year,  and  red  wheats  soon 
become  white  if  grown  continuously  on  the  Pacific 
slopes  of  America. 

Though  temperate  zones  best  suit  the  cereal,  yet  it 
can  be  grown  in  a  very  wide  range  of  climates  and, 
more  or  less,  in  any  kind  of  soil,  though  naturally  it 
does  much  better  in  some  soils  than  others.  But  it  does 
not  necessarily  follow  that  the  land  that  grows  the 
heaviest  crop  yields  the  best  wheat  from  the  miller's, 
baker's  and  bread-eater's  point  of  view,  and,  generally 
speaking,  a  small-berried  wheat  produces  better  flour, 
and  so  better  bread,  than  a  large  berried  sort.  Although 
this  cereal  grows  best  under  temperate  zones,  yet  it  is 
grown  under  such  a  wide  range  of  climate  that  it  seems 
not  impossible  that  it  may  in  time  be  grown  in  most 
of  the  tropical  latitudes. 

Mr.  A.  E.  Humphries,  of  Weybridge,  in  a  paper  on 
"  The  Production  of  Wlieats  in  the  Tropics,"  points  out 
that  temperate  zones  exist  in  the  tropics,  altitude  being 
as  important  as  latitude. 

Thus  Mexico  grows  2,000,000  quarters  of  wheat  on 
her  central  tableland  at  altitudes  of  from  six  to  ten 
thousand  feet.  Honduras,  Venezuela,  Colombia,  Peru, 
and  Bolivia  all  produce  some  of  the  cereal  on  their 
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high  tablelands,  while  Equador,  situated  on  the  Equator, 
grows  enough  some  years  to  be  able  to  export  a  small 
quantity.  Brazil  has  given  the  matter  of  wheat- 
growing  considerable  attention,  and  has  managed,  not 
very  successfully,  to  grow  small  quantities  on  an  experi- 
mental farm  at  Victoria  Espiritu  Santos.  India,  of 
course,  has  vast  wheat-fields,  but  not  much  of  their 
area  is  in  the  tropics.  The  Sudan  produces  considerable 
quantities,  though  cotton  has  to  a  great  extent  sup- 
planted wheat  as  a  chief  crop  in  Egypt.  The  great 
bugbear  to  every  grower  in  warm  countries  is  rust 
{Puccinia  Graminis),  but  scientists  appear  likely  to  be 
able  to  overcome  this  trouble  by  breeding  rust-proof 
varieties. 

Going  to  the  other  extreme  of  latitude,  within  recent 
times  the  northern  limit  to  the  wheat  belt  has  been 
extended  so  far  towards  the  arctic  circle  in  Canada, 
that  regions  in  which,  a  generation  ago,  it  would  have 
been  deemed  impossible  to  grow  wheat,  are  now,  in 
favourable  seasons,  producing  some  of  the  best  wheat 
that  is  grown.  The  chief  risk  that  the  farmers  run  in 
the  Canadian  North-\\'est  is  from  early  frosts.  These 
frosts  catch  the  wheat  in  what  is  known  as  the  "  milk  " 
stage  of  growth  and  prevent  the  development  of  the 
grain.  After  the  wheat  has  passed  the  "  milk  "  stage 
it  is  safe  from  frost. 

In  the  extreme  north  of  Russia,  and  in  Norway  and 
Sweden,  the  crop  is  always  a  precarious  one,  and  in  the 
north  of  Scotland  little  is  grown  ;  but  this  may  be  partly 
due  to  the  importance  of  the  oat  crop  grown  there,  and 
the  greater  certainty  of  profit  from  it  than  from 
wheat-growing. 

In  the  southern  hemisphere  AustraHa  and  Argentina 
are  the  two  chief  wheat-growing  countries,  with  Chile 
ranking  third. 
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Most  countries  grow  distinctive  sorts  of  wheat,  and 
each  has  estabhshed  types  that  are  seldom  departed 
from  now,  though  it  is  interesting  to  note  that  in  some 
cases  it  took  new  countries  quite  a  long  time  to  settle 
down  to  a  particular  class  of  grain. 

For  instance,  when  Canada  first  became  an  important 
exporter  she  grew  nearly  all  white  wheat  ;  but  within 
the  last  thirty  years  red  wheat  has  quite  taken  the  lead, 
and  very  little  white  wheat  is  grown  there  now  except  on 
the  Pacific  slope.  The  great  demand  of  millers,  bakers, 
and  bread-eaters  is  for  strong  wheat,  though  probably 
the  latter  do  not  know  it.  Strength  in  wheat  is  that 
quality  which  will  produce  a  large,  light,  well  piled  loaf 
of  good  texture  ;  and  strong  wheats  are  as  a  rule  more 
expensive  than  the  weak  ones,  and  have  a  higher 
nutritive  value. 

Two  chief  sources  of  strong  wheat  are  Russia  and 
North  America,  including  Canada,  the  Spring  Wheats 
of  the  latter  being  generally  stronger  than  the  Winter. 

Australia,  as  is  well  known,  is  subject  to  severe 
droughts  from  time  to  time,  and  though  wheat  will 
endure  more  dry  weather  than  most  crops,  owing  to  its 
very  deep  rooted  habit  of  growth,  yet  it  must  of  necessity 
be  supplied  with  some  moisture.  The  Commonwealth, 
which  generally  has  a  large  surplus  of  grain  to  export, 
had  in  1915  to  import  a  considerable  quantity  for  her 
own  use  owing  to  the  drought  of  the  latter  months  of 
1914. 

The  huge  irrigation  schemes  being  carried  out  in 
Australia  will  render  large  areas  of  the  country  more 
or  less  independent  of  the  rainfall. 

Australian  wheat  is  white,  of  good  quality,  and  gen- 
erally commands  the  highest  price  of  any  on  the  English 
market.  It  is  not  of  the  strongest  class,  but  it  yields 
a  large  percentage  of  flour  of  good  colour.     The  grains 
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are  brittle  and  need  the  application  of  water  to  toughen 
them  before  they  can  be  scoured  and  cleaned. 

New  Zealand,  which  used  to  export  wheat,  has  of  late 
gone  in  so  extensively  for  stock  and  other  farming  that 
she  does  not  produce  more  breadstuff s  than  her  own 
population  requires. 

Russian  w^heats  all  have  the  same  general  charac- 
teristic, but  it  is  doubtful  if  any  of  them  are  of  pure  type. 
Nearly  aU  are  red  wheats,  strong  and  hard  of  structure, 
and  generally  small  in  the  berry.  They  are  known  in 
a  general  way  under  the  names  of  Azima  and  Ghirka, 
the  former  being  Winter  wheat  and  the  latter  Spring. 
The  chief  cause  of  complaint  in  regard  to  these  is 
the  large  percentage  of  impurities  that  they  contain. 
There  is  no  system  of  grading  them  into  standard 
qualities.  Screenings  and  dirt  are  often  wilfuUy  added 
for  shipment,  and  it  is  only  safe  to  buy  them  from  sam- 
ples with  a  guarantee  that  the  shipment  shall  be  equal 
to  the  sample,  and  contain  no  higher  percentage  of 
impurities.  The  South  Russian  wheats,  grown  largely 
on  what  is  termed  the  black  earth  zone,  would,  if 
properly  harvested,  be  of  the  choicest  quality. 

The  climate  is  much  like  that  of  the  North  Western 
States  of  America,  the  winters  being  cold  and  the 
summers  brilliantly  hot.  Most  of  the  rivers  are  frost- 
bound  for  some  part  of  the  winter,  as  are  the  Black 
Sea  ports  from  which  the  bulk  of  Russian  wheats  are 
exported.  The  grain,  hke  that  from  man}'  other  parts 
of  the  world,  is  largely  named  after  the  ports  from  which 
it  is  shipped,  such  as  Odessa,  Taganrog,  Nicolaieff,  etc., 
in  the  Black  Sea  and  Sea  of  Azof.  At  times  a  consider- 
able quantity  of  wheat  is  shipped  from  Baltic  ports, 
the  two  best  sorts  coming  from  there  being  known  as 
Saxonska  and  Kubanka.  There  is  always  danger  of 
North  Russian  wheats  being  frosted,  and  especially  so 
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those  grown  in  the  extreme  north  and  shipped  via 
Archangel. 

Russian  wheats  have  a  strength  quahty  that  makes 
them  especially  valuable  for  mixing  with  weak  English 
sorts.  The  Russian  State  Bank  is  providing  the  means 
for  building  grain  "  silos,"  or,  as  the  Americans  call 
them,  "  elevators,"  on  the  American  plan  at  local  centres, 
for  the  storage  of  farmers'  wheat,  and  it  makes  advances 
on  the  wheat  stored.  A  great  number  of  these  silos 
have  already  been  built  and  more  are  under  construction. 

Austro-Hungaxian  wheat,  and  that  grown  in  the 
Danubian  provinces,  is  much  of  the  same  type  as  the 
Russian,  with  some  slight  variations  in  the  size  and  the 
structure  of  the  berry,  due  partly  to  environment,  and 
partly  to  better  methods  of  cultivation. 

As  we  proceed  westward  we  come  on  softer  types  till, 
when  Great  Britain  is  reached,  we  find  the  cereal  larger 
in  the  berry,  with  a  softness  of  structure  and  a  marked 
lack  of  strength,  but  with  a  flavour  which  gives  it  its 
chief  value  to  the  British  miller  as  a  commercial  factor. 
The  variations  in  the  quality  of  English  wheats  are 
perhaps  greater  than  in  those  of  any  other  country. 
Strong  wheats  can  be  grown,  and  are,  but  usually  the 
yield  per  acre  is  so  low  that  farmers  prefer  to  grow  a 
poorer  quality  that  will  give  a  better  yield  per  acre. 

Millers  and  farmers  value  wheat  from  somewhat 
different  standpoints.  The  former  chiefly  considers  the 
quality  and  condition  (dryness)  of  the  grain,  while  the 
latter  is  more  concerned  with  the  number  of  quarters 
he  can  produce  per  acre.  The  possibility  of  producing 
a  strong  wheat,  giving  a  good  yield  per  acre,  is  a  subject 
in  connection  with  which  the  Home-Grown  Wheat 
Committee  of  the  National  Association  of  British  and 
Irish  Millers  has  been  working  for  a  number  of  years. 
It  has  produced  Burgoynes  Fife,  a  cross  between  Essex 
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White  and  Canadian  Fife,  which  is  the  best  milhng 
wheat  grown,  so  far,  in  England  ;  and  Mr.  A.  E. 
Humphries,  of  Weybridge,  the  chairman  of  the  com- 
mittee, has  expressed  the  opinion  that  they  can  produce 
a  miller's  wheat  that  shall  be  such  a  heavy  cropper  that 
it  will  pay  farmers  to  grow  it  in  preference  to  any  other. 

Canada,  with  her  long  winters  and  short  summers, 
produces  comparatively  little  winter-sown  wheat,  the 
bulk  of  her  crop  being  sown  late  in  the  spring  and  har- 
vested in  the  late  summer  ;  and  the  wheat  line  is  ever 
being  pushed  further  into  the  North  West  as  railways 
are  constructed  to  take  the  farm  produce  to  market. 
About  half  the  Canadian  wheat  exported  is  shipped  from 
United  States  ports,  but  now  the  Panama  Canal  is 
opened  the  Far  West  Canadians  hope  to  ship  via  the 
canal  from  their  own  Pacific  ports. 

Owing  to  the  short  summers,  early  ripening  wheats 
are  necessary  ;  and  many  sorts  have  been  introduced 
which  claim  to  have  this  characteristic.  The  Spring 
Wheats  of  Canada  are  generally  the  highest  priced  that 
reach  the  European  markets.  They  are  strong,  and 
much  freer  from  impurities  than  the  Russians.  They 
are  sold  under  the  name  of  Northern  Manitoba,  though 
some  of  the  more  western  provinces  are  jealous  of  the 
name,  and  have  tried  to  have  their  crop  known  as 
Northern  Canadian,  without,  so  fai,  any  success. 
Winnipeg  is  the  great  wheat  centre  and  market.  The 
grain  is  shipped  chiefly  via  the  Great  Lakes,  and,  after 
the  completion  of  harvest,  it  is  not  unusual  for  1,000 
carloads  of  wheat  to  pass  through  Winnipeg  in  a  day 
en  route  for  the  lake  ports.  The  Dominion  now  ranks 
fourth  among  the  countries  of  the  world  as  a  wheat 
producer. 

The  United  States  dominated  the  wheat  markets  of 
the   world    lor    nearly   two   generations.     It    was   the 
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opening  up  of  the  western  prairies  that  brought  the  price 
of  breadstuffs  down  to  the  level  that  has  prevailed  with 
little  variation  since  1884.  These  new  lands  required, 
or  at  least  seemed  to  require,  no  cultivation,  as  it  is 
understood  by  British  farmers.  The  land  was  ploughed 
and  seeded,  and  nothing  more  was  done  till  harvest, 
when  the  grain  was  cut  and  threshed  and  the  straw  was 
burnt.  Then  the  stubble  was  ploughed  and  the  ground 
planted  again  with  wheat. 

That  the  land  only  produced  some  13  bushels  per 
acre  as  against  32  ]:)ushels  grown  in  England  did  not 
much  matter.  The  land  was  cheap  and  plentiful,  and, 
when  worn  out,  more  was  available  farther  west. 
Practically  all  the  wheat  grown  in  the  middle  and  eastern 
States  is  red,  about  two-thirds  being  winter  sown  and 
one-third  spring  sown.  On  the  Pacific  slopes  the  wheat 
grown  is  nearly  all  white,  and  originally  it  was  shipped 
under  the  general  name  of  Californian.  It  is  a  dry, 
brittle,  weak  grain,  but  produces  a  white  flour  with  a 
creamy  tint.  Little  of  it  comes  to  Europe  now,  though 
white  wheats  are  still  shipped  from  that  coast,  but  are 
chiefly  grown  in  Oregon  and  Washington.  The  best 
known  are  Walla  Walla  and  Blue  Stem,  grown  on  the 
higher  lands  near  the  mountain  ranges,  and  shipped 
chiefly  from  Portland,  Oregon,  though  some  is  also 
exported  via  Seattle  and  Tacoma. 

Kansas  is  perhaps  the  most  important  wheat -growing 
state  in  the  Republic,  and  gives  its  name  to  the  wheat 
produced  in  the  district,  which  is  highly  appreciated  by 
millers  and  known  as  Kansas  Hard  Winter.  The 
wheats  grown  further  south  are  of  a  milder,  mellower 
nature,  and  lack  something  of  the  strength  of  the  Kansas. 
Hard  spring  wheats  come  from  the  more  northern 
states,  the  chief  growers  being  Minnesota  and  the 
Dakotas.     These  wheats,  though  smaller  in  the  berry 
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than  winters,  are  much  stronger  in  the  miUing  sense 
of  the  word. 

Chicago  is  the  principal  wheat  market  in  the  United 
States,  and  the  fame  of  the  Chicago  Wheat  Pit  is  known 
all  over  the  world.  On  various  occasions,  when  there 
has  been  a  short  crop,  speculators  have  formed  a 
"  corner,"  i.e.,  a  group  of  them  have  tried  to  buy  up 
all  the  wheat,  and,  in  fact,  more  than  there  was,  so 
that  the\'  could  fix  their  own  price  to  those  who  had  sold 
more  wheat  than  they  could  deliver.  Unfortunately 
for  those  who  have  tried  to  "  corner  "  the  market,  events 
proved  that  there  was  more  wheat  than  mxoney  on  each 
occasion,  and  the  "  wheat  ring  "  failed.  One  of  the 
jokes  in  this  connection  is  the  saying  that  only  one  man 
ever  successfully  cornered  wheat,  viz.,  Joseph  in  Egypt. 

Minneapolis  is  the  greatest  milling  centre  in  the  world, 
the  output  of  her  flour  mills  far  exceeding  those  of  any 
other  city  on  the  globe.  Her  predominance  is  due  to 
the  enormous  water-power  of  the  famous  Falls  of  St. 
Anthony.  London  of  late  years  has  claimed  second 
place,  but  a  very  poor  second,  to  the  American  city. 
Improved  farming  methods  are  increasing  the  yield 
per  acre  in  America,  the  average  for  1915  being  about 
16|  bushels  per  acre. 

India  is  another  of  the  four  principal  wheat -growing 
and  exporting  countries  :  Russia,  North  America  and 
the  Argentine  being  the  other  three,  though  Australia 
is  often  a  good  fifth. 

Indian  wheats  are  generally  of  a  dry,  harsh,  ricey 
character  and  are  chiefly  white,  grown  in  the  alluvial 
soils  of  the  great  river  valleys  and  plains.  Red  wheats 
are  gi^own  on  the  higher  sandy  soils,  and  are  considerably 
harsher  and  poorer  than  the  white  sorts.  The  primitive 
manner  of  harvesting  and  threshing  is  responsible  for 
the  dirty  condition  of  these  wheats,  which  contain  a 
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generous  mixture  of  dirt  and  small  stones,  besides 
foreign  seeds  of  many  sorts.  The  extent  of  the  crop 
depends  largely  on  a  satisfactory  monsoon  for  seeding. 
The  bulk  of^the  surplus  is  shipped  before  the  monsoon, 
as  there  are  no  modern  storage  arrangements,  and  that 
which  is  held  till  later  in  the  year  is  likely  to  be  seriously 
damaged  by  the  wet  and  by  weevils.  Huge  irrigation 
works  in  India  have  already  been  carried  out,  and  so 
many  other  schemes  are  in  hand  that  the  wheat  yield 
is  slowly  becoming,  more  or  less,  independent  of  the 
rainfall,  as  the  fields  can  be  watered  artificially.  The 
wheats  are  named  generally  after  the  three  chief  ports 
of  shipment,  viz.,  Calcutta,  Bombay  and  Karachi. 
Another  sort  is  known  as  Soft  Wliite  Delhi.  There  is 
also  Soft  Red  Delhi  from  the  same  district ;  in  fact,  there 
are  reds  and  whites  from  the  three  ports  named.  The 
wilful  adulteration  of  these  wheats  by  the  addition  of 
loose  dirt  has  been  stopped  to  some  extent  in  late  years, 
but  the  practice  seems  to  be  too  deep-rooted  amongst 
the  natives  to  ever  be  entirely  eradicated,  except  by  the 
erection  of  Government  elevators,  as  in  Canada,  where 
wheat  is  screened  as  received  and  the  impurities  rejected. 
Though  the  Indian  wheat  crop  has  often  been  one  of 
the  determining  factors  in  regulating  the  world's  price  of 
breadstuffs,  but  little  is  known  to  the  ordinary  English- 
man of  the  position  of  the  principal  wheat-fields  of  the 
great  Dependency.  The  wheat-growing  area  of  the 
Indian  Empire,  includes  the  whole  of  Northern  India, 
and,  though  it  is  grown  almost  everywhere  to  some 
extent,  it  flourishes  chiefly  in  the  Punjab  and  the  United 
Provinces,  which  produce  about  75  per  cent,  of  the  total 
wheat  crop,  which  ranks  third  in  the  Empire,  it  being 
headed  by  rice  and  millet.  Though  many  varieties  are 
known  to  British  millers,  they  can  genei'ally  be  classed 
as   soft   and   hard   reds    and   whites.   Northern   India 
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producing  most  of  the  softer  sorts,  while  the  hard  ones 
come  from  Southern  India  and  Bengal.  The  white 
wheats  are  more  freely  exported  than  the  reds,  which  are 
more  popular  for  home  consumption  in  the  land  of  their 
growth. 

TiU  the  advent  of  Europeans  the  art  of  making  fer- 
mented bread  seems  to  have  been  unknown,  and  wheat 
products,  coarsely  ground,  were  baked  in  the  form  of 
cakes,  or  made  into  a  kind  of  porridge.  The  substitu- 
tion of  modern  European  mills  is  gradually  altering 
this,  as  well-miUed  flour  is  now  a  much  appreciated 
article.  A  large  and  growing  export  trade  has  been 
established  throughout  the  East,  Bombay  being  the 
largest  shipping  port  for  flour,  and  Karachi  and  Calcutta 
the  second  and  third  respectively. 

Chile  is  the  oldest  wheat-exporting  country  in  South 
America,  and,  in  years  gone  by,  used  to  send  considerable 
quantities  to  Europe.  The  grain,  like  that  of  the  North 
Pacific  coast,  is  of  the  white  variety  ;  but  of  late  years 
little  or  none  has  reached  British  mills. 

The  Argentine  Republic  has  now  become  one  of  the 
most  important  w^heat -growing  countries  of  the  world. 
Though  in  1882  she  only  exported  8,000  quarters,  yet, 
thanks  to  her  great  rivers  and  her  immense  alluvial 
plains,  in  conjunction  with  almost  unlimited  British 
capital  to  build  and  develop  her  railways,  her  exports 
of  wheat  have  more  than  once  prevented  breadstuffs 
reaching  famine  prices  in  Europe.  Her  wheats  are  all 
red  and  of  a  medium  strength,  though,  owdng  to  the  vast 
extent  of  the  country  in  which  they  are  grown,  and 
the  different  climatic  conditions  prevailing,  they  vary 
in  quality  to  a  considerable  degree.  As  in  other  coun- 
tries, the  production  of  cereals  here  depends  very  much 
on  the  weather,  and  the  exportable  quantity  as  well  as 
the    quality    varies    considerably    from    year    to    year. 
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Argentina  exports  large  quantities  of  breadstuffs  to 
other  South  American  states,  both  in  the  shape  of  wheat 
and* flour,  the  latter  being  the  output  of  her  large  port 
mills.  Her  wheats  are  always  welcomed  by  European 
nnllers,  coming  as  they  do  at  a  time  when  the  supplies 
in  the  Northern  Hemisphere  are  often  running  low. 
They  jaeld  quite  a  white  flour,  considering  the  colour 
of  the  grain — a  flour  that  will  make  a  nice  flavoured 
loaf  when  used  alone,  but  too  weak  to  carry  much 
English  wheat  flour. 

Africa.— Wheat  is  grown  along  the  Northern  shores 
of  the  Dark  Continent,  but  the  crop  is  not  an  export 
one  in  South  Africa.  The  growth  of  the  cereal  is,  how- 
ever, increasing  in  the  latter  half  of  the  Continent,  in 
spite  of  the  fact  that  it  is  liable  to  many  diseases  north 
of  Cape  Colony.  In  Cape  Cok)ny  there  are  a  number  of 
large  modern  flour  mills. 

Seed-Time  and  Harvest. — ^The  following  table  gives 
the  usual  seed-time,  and  the  beginning  of  the  harvest, 
in  most  of  the  world's  wheat -fields.  The  last  column 
gives  dates  when  new  crops  from  the  various  countries 
may  be  expected  in  the  United  Kingdom.  How  long 
they  continue  to  come  depends  on  the  exportable  surplus 
grown  from  year  to  year. 


Seed-time. 


Country. 


Harvest. 


Arrive  in 
U.K. 


July-Aug.  . 
Aug.-Sept. 
Aug.-Oct. 

Sept.-Oct. 


Mar.-April 
Sept.-Oct. 
Mar.-April 
Sept.-Oct. 
Mar.-April 
April-May 
April  .  . 
May- J  line 


India  and  Upper  Egypt 
Syria,  Persia,  India,  Mexico 
Algeria,  Central  Asia     .... 
Japan,  Morocco,  Texas 

Southern  Europe 

California 

Kansas  and  Southern  Winter  States 
Early  American  Spring  States  . 
Central  Europe  and  Southern  Russia 
Northern  American  Spring. 
Oregon  and  Washington     . 

South  Canada 

North  Canada  and  N.-W.  States  . 

North  Russia 

Argentina 

.\ustralia,  New  Zealand,  Chile 


Feb.-Mar. 

April 

May 

June 


July 
August 

Sept.    . 
Dec. -Jan. 


June-July 
July-Aug. 


J  an. -Feb. 

Aug.-Sept. 

Oct.-Nov. 


Mar.-Apr. 

Oct.-Nov. 

Nov. 

Dec. 

Feb.-Mar. 

Apr.-May 
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A"\Tien  Great  Britain  had  to  depend  on  her  own  wheat 
crops,  periods  of  partial  famine  were  not  unknown  ;  but  to 
the  steam-engine  msLy  justly  be  given  the  credit  of  having 
made  the  danger  of  famine  a  thing  of  the  past  by  opening 
up  the  fertile  areas  of  the  New  World,  and  by  facilitating 
the  transportation  of  grain  from  the  wheat-fields  of  the 
world  to  her  own  shores.  The  crop  of  one  or  another 
of  the  exporting  countries  may  fail,  and  the  exportable 
surplus  be  small  or  nil ;  but  this  has  always  been  balanced 
as  far  as  Europe  is  concerned  by  abundant  yields  in  some 
of  the  other  grain-growing  and  exporting  countries. 

The  following  table,  pubhshed  by  the  Board  of 
Agriculture,  gives  a  good  idea  of  how  the  sources  of 
supply  vary.  The  Russian  and  Australian  figures  show 
perhaps  the  greatest  irregularity,  but  all  show  evidence 
of  lean  and  fat  years  in  the  lands  to  which  they  refer. 

The  small  Russian  export  for  1914-1915  was,  of  course, 
due  to  the  closing  of  the  Dardanelles,  while  that  of 
Australia  was  due  to  drought. 

The  3^ears  in  the  following  table  are  cereal  years,  i.e., 
from  1st  September  of  one  year  to  31st  August  of  the 
next. 


Country  of 

Thousands  of  Cwts. 

Export. 

i 

1919-20 

*I9I9 

♦1918      *I9I7 

♦1916    1915-16  1914-15 

1913-14 

India    . 





692       2,746 

5,615  i    2,911     16,018 

11,477 

Russia 

— • 

— ■ 

—              Ill 

12  f.      523          635 

9,566 

•Argentina 

34,018 

6,887 

14,390       6,716 

4,513  1    3,337     12,175 

6,991 

U.S.A.        .      . 

^6,106 

42,043 

42,720     62,249 

69,726  ,  71,041     40,806 

30,496 

Canada 

14,753 

23,430 

21,533     22,363 

25,778  1  29,435     25,159 

24,977 

Australia   . 

26,846 

16,530 

3,693     11,095 

4,200  !   2,740     1,297 

14,300 

Country  of 

Thousands  of  Cwts. 

Export. 

1 

1 

1912-1311911-12  1910-11 

1909-10  1908-9 

1907-8 

India 

23,152    21,468    21,460 

16,077 

10,904 

10,480 

Russia     .      . 

7,379      8,520     25,728 

27,911 

9,470 

4,455 

Argentina 

18,617     16,823     16,983 

11,405 

24,542 

28,128 

U.S..A.     .      . 

31,569     16,619       9,479 

14,911 

19,299 

25,273 

Canada    . 

21,249     19,819     13,826 

18,539 

15,118 

13,578 

Australia. 

9,738     15.170     10,417 

11,915 

9,587 

6,264 

*For  Calendar  year.     Cereal  year  not  available. 
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The  following  table,  published  by  the  Board  of 
Agriculture,  gives  the  quantity  of  wheat  grown  in  the 
United  Kingdom  and  the  quantity  of  breadstuffs 
imported  each  cereal  year,  for  the  last  seventeen  years. 


Total   esti- 

Wheat Crop 

Imports  of 
Wheat  during 

Imports  of 
Wlieat  Flour 

Total  Impor- 
ted Wheat 

and  Flour  in 

equivalent 

Weight  of 

Grain. 

mated  Wheat 
Grain  avail- 

Harvest 

of  the  United 

the   Cereal 

in  equivalent 

able  for  home 

Year. 

Kingdom. 

Year,  Sept.  i- 
Aug.  31. 

Weight   of 
Grain. 

consumption 

(including 

seed). 

Qrs. 

Qrs. 

Qrs. 

Qrs. 

Qrs. 

1903-4 

6,102,300 

21,723,820 

6,203,350 

27,927,170 

34,029,470 

1904-5 

4,740,000 

24,529,170 

3,526,620 

28,055,790 

32,795,790 

1905-6 

7,541,600 

22,063,580 

4,677,330 

26,740,910 

34,282,510 

1906-7 

7,577,300 

22,105,180 

4,284,290 

26,389,670 

33,966,970 

1907-8 

7,066,400 

21,362,720 

4,339.090 

25,701,810 

32,768,210 

1908-9 

6,741,200 

21,727,220 

3.554,650 

25,281,870 

32,023,070 

1909-10 

7,899,600 

24,099,060 

3,501,520 

27,600,580 

35,500,180 

1910-11 

7,074,200 

23,516,140 

3.263,380 

26,779,520 

33.853,720 

1911-12 

8,039,200 

24,109,260 

3.324,140 

27,433,400 

35,472,600 

1912-13 

7,175,300 

26,500,565 

3,648,883 

30,149,450 

37,324.750 

1913-14 

7,087,100 

23,267,175 

3,654,048 

26,921,220 

34,008,320 

1914-15 

7,804,000 

22,483,587 

3,529.573 

26,013,160 

33,817,160 

1915-16 

9,239.000 

23.311.055 

3,245,958 

26,557,013 

35,796,013 

1916-17 

7,569,000 

25,166,401 

3,732,560 

28,898,961 

36,467,961 

1917-18 

8,040,000 

9.337,323 

9.205,421 

18,542,744 

26,582,744 

1918-19 

11,674,000 

16,914  802 

5,669,699 

22,584,501 

34,258,501 

1919-20 

8  665,000 

23,788,589 

3,771,684 

27,560,273 

36,225,273 

1920-21 

7,112,000 

CHAPTER  II 

WHEAT   ANALYSIS 

A  GRAIN  of  wheat  is,  in  simple  language,  a  fruit,  con- 
taining within  itself  the  germ,  or  (nnbryo,  both  of  which 
arc  carefully  wrapped  up  in  a  tough  outer  covering 
called  the  bran.  The  fruit,  or  flour,  is  the  food  provided 
by  Nature  to  sustain  the  young  plant.  When  moisture 
is  applied  to  the  grain  it  sets  up  a  chemical  action  that 
changes  the  flour  into  a  food  suitable  for  the  young  plant, 
and  on  this  food  the  germ  feeds  till  it  has  developed 
roots  and  leaves  sufficient  to  extract  the  nourishment 
it  requires  from  the  earth  and  the  atmosphere. 

The  following  is  the  physical  structure  of  a  grain  of 
wheat  with  the  approximate  percentage  of  each  part — 


The  epidermis,  or  outer  skin  . 

0.5%     of  the  gra 

The  epicarp,  or  second  skin    . 

.        1-0%       „ 

The  endocarp,  or  third  skin    . 

.        1-5%       „ 

The  testa,  or  fourth  skin   . 

.        2-0%       „ 

The  embryo  membrane     . 

.        3-0%       .. 

The  germ,  or  embryo 

.        2-0o/o       „ 

The  endosperm,  or  flour    . 

.      90-0%       „ 

The  first  three  skins  may  be  taken  to  be  simply  pro- 
tective coverings  for  the  rest  of  the  berry.  The  testa 
is  the  layer  containing  the  colouring  matter  determining 
whether  the  wheat  is  white,  red,  or  yellow.  The 
embryo  membrane,  attached  to  the  germ,  envelops  the 
endosperm  and  acts  as  the  conveyor  to  carry  it  in  the 
form  of  food  to  the  young  plant.  Chemists  estimate 
the  endosperm  as  90  per  cent,  of  the  berry,  but  that  does 
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not  mean  that  it  is  pure  flour,  for  the  grain  is  composed 
of  numberless  particles  which  when  ground  become 
flour  ;  but  there  is  a  tissue  running  between  the  particles 
w^hich  might  well  reduce  the  percentage  of  actual  flour 
to  85  per  cent.  Naturally  some  wheats  are  much 
thicker  skinned  than  others,  and  it  may  well  be  that 
a  large  grain  of  wheat  does  not  take  as  large  a  covering, 
proportionately,  as  a  smaller  one. 

In  any  case  there  is  a  considerable  difference  in  the 
percentage  of  flour  contained  in  various  wheats,  and 
there  is  moreover  much  irregularity  in  the  chemical 
constituents  of  wheats,  much  depending  on  the  variety 
grown  and  the  place  of  its  growth.  WTieat,  roughly, 
consists  of  the  following — 


Water. 

Starch. 

Proteids. 

OU. 

CeUulose. 

Ash. 

General   Average  of 

Wheats      .... 

14 

66-3 

14 

1-3 

3'3 

i'4 

American  Spring     . 

II 

64-5 

i6-6 

2-5 

3"3 

2-1 

Odessa  Ghurka  . 

I2"2 

66-5 

>     15 

1-7 

3'2 

1-4 

English  Mixed   .      .      . 

16-5 

66 

12 

i"5 

2-5 

I-5 

White  Indian     .      .      . 

11-5 

69 

12-5 

2 

3 

2 

The  above  table  is  an  indication  of  the  chemical 
constituents  of  wheat  ;  but  other  analyses  of  the  various 
t^'pes  give  different  results,  and  this  is  hardly  to  be 
wondered  at,  considering,  in  the  first  place,  how  hygro- 
scopic the  grain  is,  and,  in  the  second,  under  what  wide 
ranges  of  climate  and  soil  it  is  grown. 

It  need  hardly  be  pointed  out  how  much  the  moisture 
content  is  subject  to  the  harvest  weather. 

Thus,  in  1915,  a  very  wet  harvest  season,  678  tests 
carried  out  by  the  American  Grain  Standardisation 
Bureau  gave  the  average  amount  of  moisture  in  American 
winter  wheat  as  14.2  per  cent.,  the  actual  percentage 
in  the  samples  tested  ranging  from  10.6  per  cent,  to 
19.3  per  cent. 
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Starch,  or  carbo-hydrates,  forms  the  chief  part  of  the 
body  of  the  cereal. 

The  Proteids,  or  nitrogenous  matter,  are  the  most  valu- 
able part,  and  at  one  time  it  was  supposed  that  the 
wheat  containing  the  largest  percentage  of  this  in  the 
form  of  gluten  was  the  strongest  ;  but  of  late  years 
research  has  shown  that  it  is  more  the  quality  than  the 
quantity  that  counts.  Both  quantity  and  quality  can 
be  tested  very  easily  by  weighing  a  small  quantity  of 
flour,  making  it  into  a  stiff  dough,  and  washing  the 
starch  out  by  working  the  dough  in  the  fingers  under 
running  water.  When  the  starch  is  washed  out,  and  the 
water  runs  clear,  the  gluten  will  remain  in  the  fingers, 
and  by  weighing  it  the  percentage  can  be  ascertained. 
Good  gluten  has  a  large  degree  of  elasticity,  and  will 
stretch  considerably  without  breaking,  while  poor 
gluten  is  soft  and  sticky,  with  little  or  no  toughness. 

Gluten  consists  of  two  bodies  known  as  gleadnin  and 
glutenin,  the  fiist  acting  as  the  binding  and  toughening 
agent  ;  and  probably  the  relative  proportions — ^which 
vary  considerably  in  different  wheats — of  these  two 
substances  determine  the  quality  of  gluten. 

Oil,  or  fatty  matter.  The  quantity  of  this  in  wheat 
is  not  a  very  important  element.  A  great  proportion 
of  it  is  contained  in  the  germ  and  bran,  and  is  thus 
removed  in  milling. 

Cellulose,  or  woody  fibre,  is  contained  chiefly  in  the 
bran  and  has  no  food  value,  being  provided  by  Nature 
as  a  protection  to  the  wheat  berry.  The  percentage 
varies  somewhat  considerably,  thin-skinned  wheats 
having  less  than  thick-skinned  sorts  ;  and  generally 
the  thin-skinned  are  the  better  quality  of  the  two. 

Ash  represents  the  minerals  present  in  the  wheat, 
which  contains  a  trace  of  the  following  :  Potassium, 
sodium,  silicon,  iron,  magnesium,  sulphur,  phosphorus. 
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calcium.  The  other  elements  which  go  to  make  up  a 
grain  of  wheat  are  carbon,  oxj'gen  and  hydrogen  (in 
the  form  of  moisture).  The  last  named  form  nearly 
all  the  weight  of  the  grain. 

Germ  differs  in  its  composition  in  a  most  remarkable 
way  from  the  other  parts  of  the  grain.  Jago  gives  its 
analysis  as  follows  :  Water,  13.23  per  cent.  ;  ash, 
4.94  per  cent.  ;  starch,  33.78  per  cent.  ;  proteids,  29.24  ; 
oil,  12.03;  dextrin,  1.24;  maltose,  5.54. 

Bran  contains  about  18  per  cent,  to  19  per  cent,  of 
cellulose  and  no  starch.  Most  of  the  mineral  matter  is 
contained  in  the  bran,  but  in  such  insoluble  forms  that 
it  is  useless  to  the  human  system,  being  quite  unassimil- 
able.  For  full  details  of  the  chemistry  of  wheat  and 
flour  readers  are  referred  to  Jago's  Chemistry  of  Bread 
and  Flour. 

The  two  qualities  most  desired  in  wheaten  flour  are 
colour  and  strength.  Strong  flour  will  absorb  more 
water  in  the  doughing  process,  as  well  as  making  a 
large  well-piled  loaf  of  nice  texture.  Colour  is,  in  milling 
parlance,  freedom  from  brownness.  In  some  parts  of 
the  Kingdom  a  dead  white  loaf  is  required,  in  others  a 
creamy  tint  is  prefen'ed.  So  generally  is  a  white  loaf 
demanded  that  an  electrical  tinting  process  is  often 
employed,  and  a  description  of  this  will  be  found  in  a 
later  chapter.  WTiite  wheats,  as  a  nfle,  yield  whiter 
flour  than  red  wheats,  but  much  depends  on  the  quality 
of  the  cereals  themselves.  Bombay  White  Wheat  pro- 
duces perhaps  the  whitest  flour  of  any.  Californian 
yields  flour  of  a  decidedly  creamy  colour.  Bran  par- 
ticles discolour  the  flour,  and  are  a  sign  of  bad  miUing. 
Brown  breads  are  made  of  wholemeal,  that  is,  the  wheat 
is  gi-ound  but  the  resultant  meal  is  not  sifted,  so  that  the 
bran  and  germ  are  left  in.  Analysis  shows  that  there  is 
food  in  the  bran  ;  but  tests  carried  out  on  human  beings 
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have  proved  that  the  human  system  cannot  assimilate 
the  nutriment  in  the  bran,  and  that,  moreover,  the 
presence  of  the  bran  prevents  the  complete  digestion 
of  the  flour.  Further  experiment  has  demonstrated 
that  the  less  fibre,  or  bran  particles,  left  in  the  flour,  the 
more  nutriment  the  human  system  obtains  from  the 
bread  made  of  it.  Wholemeal  bread  doubtless  possesses 
a  medical  value  of  a  mechanical  sort  that  is  beneficial 
to  some  people  ;  that  is,  the  bran  acts  as  an  iiritant 
to  the  bowels  in  the  same  way  as  a  mild  aperient.  There 
are,  in  addition  to  the  ordinary  brown  meal,  many 
patent  meals  that  are  more  or  less  in  vogue  with  a 
certain  section  of  the  public,  who  find  that  they  suit 
their  palate,  or  they  fancy  they  suit  their  systems,  as  in 
some  cases  no  doubt  they  do.  As  a  rule,  however, 
people  soon  tire  of  fancy  breads  and  revert  to  the  ordinary 
white  household  variety.  That  this  is  so  is  more  than 
proved  by  the  early  death  of  "  standard  "  bread.  Not 
even  the  Daily  Mail,  which  boomed  it,  could  persuade 
the  public  to  eat  it  for  long  ;  and  the  public  was  wise, 
for  it  contains  less  nutriment  than  white  bread. 

One  peculiarity  of  wheat  which  distinguishes  it  from 
all  other  cereals  is  the  crease,  which  nearly  divides  the 
grain  in  half  lengthways.  Other  grains,  like  rice  or 
barley,  can  be  decorticated,  or  pearled  ;  that  is,  the 
outer  skin  or  husk  can  be  taken  off,  leaving  the  endo- 
sperm whole,  which  can  then  be  ground  into  flour.  It 
is,  however,  impossible  to  scour  the  bran  off  wheat 
owing  to  the  crease,  so  that  the  whole  berry  has  to  be 
ground  up,  and  the  bran  sifted  out  to  obtain  the 
flour. 
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WHEATS,   THEIR  COLOUR,   STRENGTH,  AND  IMPURITIES. 


Wheat. 

Colour. 

Strength. 

Impurities 
present. 

Occasional 
impurities. 

American — 

VVestern  Winter  .    . 

Red 

Fair 

Cockle,  seeds,  oats 

Peas,  garlic,  smut, 
barley 

No.  I  Northern  Spring 

„ 

Strong 

Cockle,  oats,  seeds 

.. 

Durum  .... 

,, 

,, 

,,           ,,         ,, 

,,           ,,         ,, 

Walla  Walla     .      . 

White 

Medium 

Chaff,  straw,  oats 

Smut,  dirt,  stones 

Blue  Stem  .      .      . 

„ 

,, 

,,           ,,         ,, 

»           >>         II 

Califoniian    .      .    . 

» 

,. 

„ 

Canadian- 

No.  I  North  . 

Red 

Strong 

Cockle,  seeds,  oats, 
barley 

Peas,    dirt,   stones, 
frosted-grains 

Manitoba  Winter  . 

-• 

Medium 

Cockle,    barley, 
maize 

Smut,  dirt,  stones 

Argentine- 

Rosa  Ve 

" 

Black  oats,  barley, 
seed,  dust,  light 
grains 

Smut,  dirt 

Buliia  Blanca  . 

J, 

,, 

,,           ,,         ,, 

,,            ,, 

Santa  Fe     .      .      . 

„ 

>, 

Chilian    .... 

White 

Poor 

Grass  seeds,  chaff, 
stones 

Oats,  barley 

Russian— 

Arima  (Winter) 

Red 

Strong 

Oats,  barley,  rye, 
dirt 

Smut,  stones 

Ghurka  (Spring)     . 

Red 

Strong 

Oats,  barley,  seeds, 
rye 

Smuts,  stones 

Taganrog    .      ... 

YeUow 

,, 

»           »        >i 

,,           ,, 

Kubauka       .      .    . 

,, 

,, 

,,           ,,         ,, 

I)           )) 

Saxonka  . 

Red 

» 

„ 

,. 

Indian- 

Bombay 

White 

Medium 

Stones,  dirt,  linseed 
gram 

Oats,  weevil,  barley 

Bombay 

Red 

,, 

,,           ,,         ,, 

,,           ,,         ,, 

Karachi. 

White 

,, 

,. 

>>           >>         )i 

Karachi. 

Red 

..     .      ,.         .. 

Calcutta 

White 

^ 

Delhi      .... 

>. 

',', 

"           "         ',', 

,, 

Australian     .     .     . 

White 

Fair 

Chaff,  short  straw 

Oats,  barley,  seeds 

New  Zealand     ■     ■ 

„ 

Medium 

» 

,1 

English — 

Rough  chaff     . 

White 

Mild 

Chaff,  screenings 

Seeds,  oats,  smuts, 
dirt 

Essex  white     . 

J, 

,, 

M 

Square  Heads  Master 

,, 

> 

Red  Lammas   . 

Red 

Good 

Rivetts  .... 

Weak 

Nursery. 

,, 

Good 

,1           ,,         ,, 

Burgoyne's  Fife  . 

White 

Strong 

11           )>         t> 

Red  Fife     .      .      . 

Red 

Strong 

" 

CHAPTER  III 

ANCIENT   MILLING 

When  man  first  discovered  the  art  of  reducing,  or 
grinding,  wheat  into  meal  is,  Hke  the  origin  of  the  cereal 
itself,  quite  unknown  ;  but  the  oldest  pictorial  and  other 
records  that  are  discovered  from  time  to  time  indicate 
that  the  art,  in  a  crude  form,  was  practised'  by  the 
nations  of  antiquity. 

Probably  the  earliest  method  was  to  pound  the  grain 
with  a  stone  ;  and  later  a  hollow  stone  was  used  as  a 
base,  and  the  grain  pounded  with  a  pointed  stone,  on  the 
pestle  and  mortar  system.  There  is  evidence  of  this 
simple  method  being  used  by  the  Romans  as  late  as 
A.D.  79.  Milling  is  so  often  mentioned  in  the  Bible,  and 
so  important  was  the  means  of  reducing  flour  to  meal 
considered,  that  the  Mosaic  law  forbade  anyone  to  take 
a  millstone  in  pledge.  The  Jews  certainly  used  two 
round  stones,  or  a  quern,  to  grind  their  grain,  one  stone 
being  made  to  revolve  upon  the  other.  The  earliest 
authentic  history  of  milling  was  in  Abraham's  time,  when 
he  told  Sarah  to  prepare  fine  meal  for  the  angels, 
though  it  is  apparent  that  it  was,  even  then,  an  old  art, 
and  the  grinding  of  grain  was  part  of  woman's  daily 
work.  Presumably  Sarah  used  some  sort  of  a  sieve  to 
make  the  fine  meal  from  the  ordinary  meal,  and  we  are 
told  in  the  Bible  of  flour,  fine  flour,  and  the  finest  wheat - 
flour,  so  that  there  were,  apparently,  sifting  appliances 
and  grades  of  flour  even  in  those  days,  and  the  finest 
flour  was  doubtless  reserved  for  the  head  of  the  family 
and  honoured  guests,  while  the  servants  and  slaves  used 
the  coarse  meal. 
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Egyptians  doubtless  advanced  the  art  of  niilling,  for 
their  civihsation  was  far  ahead  of  that  of  any  other 
country  of  the  ancient  world.  In  hieroglyphics,  on 
stone,  are  to  be  found  representations  of  grinding  grain, 
and  sifting  the  flour  from  the  husk,  or  bran,  with  hand 
sieves.  Wlien  the  Israelites  fled  from  Egypt,  they 
doubtless  carried  their  miUs  with  them,  as  well  as  the 
kneading-troughs,  which  are  mentioned  in  Exodus. 
Manna  had  to  be  ground,  for  it  states  in  Numbers  xi.  8  : 
"  The  people  went  about,  and  gathered  it,  and  ground  it 
in  mills,  or  beat  it  in  a  mortar,  and  baked  it  in  pans  and 
made  cakes  of  it."  The  art  of  grinding  seems  to  have 
come  only  from  the  East,  as  there  has  never  been  found 
amongst  the  Aborigines  of  Australasia  any  trace  of  a 
grinding  device.  Neither  is  there  any  evidence  of  the 
American  Indian  having  had  any  idea  of  grinding  Indian 
corn.  The  quern,  or  hand-mill,  was  introduced  into 
Europe  at  an  early  date,  for  there  is  evidence  that  Gauls 
and  Early  Britons  used  them  before  the  Roman  invasion. 
This  style  of  milling  is  estimated  to  have  been  in  use 
for  at  least  4,000  years.  Evidently  there  were  inventors 
even  in  those  days  who  tried  to  provide  a  better  means 
of  milling  than  the  quern  afforded,  and  the  following 
sketch  of  a  statuette  in  limestone  in  the  Cairo  Museum 
shows  a  woman  grinding  with  a  roller  miU  over  5,000 
years  ago.  Such  a  mill  was  recently  found  in  the 
priest's  house  connected  with  the  temple  of  the  tomb 
of  the  fifth  dynasty  Pharaoh,  Nefer-Ar-Ka-Ra  (according 
to  Professor  Flinders  Petrie  about  3660-3680  B.C.)  at 
Abusir.  The  lower  stone  is  about  2  ft.  long  by  18  in. 
wide.  It  is  of  red  sandstone,  and  is  now  in  the  Berlin 
Museum. 

Unfortunately  the  upper  stone  is  missing  ;  but  it 
appears  to  have  been  a  kind  of  roller  between  which, 
and  the  smooth  surface,  the  corn  was  ground,  and  the 
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meal  would  probably  be  pushed  into  a  receptacle  at  the 
end.  There  are  two  shallow  half-moon  shaped  recesses 
on  either  side  of  the  plain  surface,  and  these  may  also 
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have  been  intended  to  receive  the  meal,  or  maybe  they 
were  for  the  knees  of  the  operator  to  rest  in. 

Following  the  quern,  the  slave  and  the  cattle-driven 
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mills  made  their  appearance.  These,  with  continu- 
ously running  stones,  were  probably  the  direct  parents 
of  the  millstone,  as  it  was  known  up  to  late  in  the  nine- 
teenth century,  and  as,  indeed,  it  is  still  used  for  other 
purposes  than  wheat  grinding. 

The  Greeks  seem  to  have  been  the  inventors  of  power- 
driven  corn  mihs,  and  the  water-mill.  The  water-mill, 
such  as  it  was,  appears 
to  have  been  a  kind  of 
boat  anchored  out  in  the 
stream,  the  water-wheel 
being  pushed  round  by 
the  natural  flow  of  the 
water,  and  probably  the 
stone  ran  very  slowly. 
The  Romans  improved 
on  this,  and  probably 
constructed  the  fii-st  mill- 
dams,  to  obtain  a  head 
of  water  at  one  point,  to 
drive  the  wheel  ;  but 
there  seems  to  be  no 
record  of  the  date  of  this  invention. 

Public  water-mills  are  mentioned  in  the  Roman  laws 
of  398  B.C.,  but  it  is  questionable  if  there  were  many  of 
them  at  that  date  ;  and  there  is  no  evidence  of  power- 
driven  sifting  machines.  These  water-wheel  mills  were 
introduced  into  Britain  by  the  Romans,  and  doubtless 
one  was  erected  at  each  of  the  Roman  camps.  It  does 
not  appear  that  anyone  thought  of  building  a  large 
water-wheel  to  drive  several  pairs  of  stones  till  late  in 
the  eighteenth  century. 

In  Doomsday  Book  hundreds  of  mills  are  mentioned, 
and  were  obviously  considered  to  be  of  great  value  to 
the  owner.     There  were  very  stringent  laws,  about  that 
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time,  compelling  the  people  to  have  their  corn  ground 
only  at  the  mill  of  the  lord  of  the  manor. 

The  Dutch  probably  built  the  first  windmills,  and  this 
is  easily  understood  when  it  is  remembered  that  there 
are  few  rivers  in  Holland,  and  that  the  country  is  flat, 
giving  small  fall  to  the  rivers.  It  was  largely  owing 
to  the  latter  reason  that  windmills  were  originally  so 
common  in  the  fen  country  on  the  English  East  Coast. 

John  Smeaton,  a  famous  old  Yorkshire  millwright. 
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introduced  many  improvements  in  mill  gearing  and 
driving.  It  was  in  a  mill  near  Wakefield  that  he  first 
introduced  spur-gearing,  under  the  millstones,  to  drive 
several  pairs  at  once  from  the  one  large  spur-wheel — 
an  entirely  new  application  of  this  simple  device.  He 
was  also  the  first  to  advocate  the  use  of  a  steam-engine  to 
drive  flour-mills,  in  a  letter  dated  23rd  November,  1780, 
addressed  to  the  British  Government. 

The  Albion  Mills,  London,  situated  near  Blackfriars 
Bridge,  are  supposed  to  have  been  the  first  steam-mills 
erected.     Built  in   1788,  they  were  destroyed  by  fire 
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a  few  years  later.  They  were  looked  upon  as  a  mono- 
poly, dangerous  to  the  public  interest  ;  but  it  is  said 
that  they  reduced  the  price  of  flour  in  London.  Cast 
iron  wheels  and  shafting  were  introduced  into  these 
mills  instead  of  wood.  Wooden  shafts,  both  horizontal 
and  vertical,  are  still  to  be  found  in  the  old  country  mills, 
looking  like  revolving  trunks  of  forest  trees. 

Millstones,  as  used  for  wheat -grinding  up  to  the 
latter  part  of  the  nineteenth  century,  had  changed  but 
little  since  the  third  century.  The  upper,  or  runner, 
stone  of  the  pair,  carried  on  the  vertical  spindle,  was 
made  to  rotate  over  the  lower,  or  bed  stone.  The  wheat 
was  fed  into  a  hole  in  the  centre  of  the  runner  and  carried 
through  between  the  stones  by  centrifugal  force,  assisted 
b}'  the  furrows  cut  in  the  faces  of  the  stones.  It  was 
ground  on  its  way  to  the  periphery,  and  there  discharged 
and  collected.  The  stone  used  was  French  Burr  from 
quarries  in  Champagne,  France.  The  name  of  the  man 
who  invented  furrows  is  lost  in  antiquity  ;  but  some 
sort  of  dress  must  have  been  invented  as  soon  as  stones 
were  driven  mechanically,  and  so  ran  more  or  less 
continuously. 

To  all  practical  purposes  the  millstone  is  out  of  use 
to-da}',  as  far  as  wheaten  flour  manufacture  is  concerned  ; 
but  it  is  still  largely  used  for  grinding  maize,  barley, 
and  other  gi'ain,  as  well  as  minerals  and  other  material. 

In  the  days  of  the  stone-mill  mechanical  sifters  were 
utilised  for  separating  the  bran  or  husk  from  the  flour. 
One  of  the  best  known  at  one  time  was  a  wire-covered 
cylinder  set  at  an  angle  of  45  degrees.  Inside  the 
cyhnder,  and  fixed  to  a  revolving  shaft,  were  four 
brushes,  each  the  length  of  the  cyhnder.  The  meal 
was  collected  from  the  stones  in  sacks  and  allowed  to 
stand  for  perhaps  a  few  days.  It  was  then  fed  into  the 
top   end   of  the   cylinder,   and   the   revolving   brushes 
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forced  the  flour  through  the  wire  niesh  with  which  the 
machine  was  covered.  TJiis  ma- 
chine was  cahed  a  "  bolter,"  and 
hence  we  got  the  word  "  bolt" 
flour,  which  was  used  up  to  quite 
a  recent  time  when  the  term  to 
"  dress  "  flour  became  usual ;  and 
modern  flour-sifters  are  collec- 
tively spoken  of  as  dressing- 
machines  here,  though  in  America 
the  old  English  name  of  bolter  is 
still  in  common  use.  Following 
the  wire-covered  bolter  came  a 
textile-covered  machine,  inven- 
ted by  Blackmore,  and  called 
Blackmore's  bolting-reel.  This 
was  a  hexagonal-shaped  reel, 
covered  with  a  woven  worsted 
cloth,  and  can  be  found  still  in 
many  country  mills.  No  force 
was  used  inside  the  reel,  the 
flour  being  sifted  through  the 
cloth  by  the  shaking  action  of 
the  revolving  reel. 

The  old  wire  bolter  may  be 
said  to  have  held  the  field  till  the 
introduction  of  silk  bolting  cloth 
from  the  continent,  about  the 
middle  of  the  nineteenth  century. 
Long  hexagonal  reels  were  then 
invented,  and  on  the  arms  form- 
ing the  reel  the  silk  was  laced 
tightly. 
This  silk  bolting  cloth  is  woven  one  metre  wide,  and, 

since  it  came  into  general  use,  all  mill-dressing  reels 
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have  been  built  so  many  metres  long,  so  that  none  of 
the  silk  might  be  cut  to  waste. 

Machines  of  this  class  are  still  spoken  of  by  the 
number  of  sheets  of  silk  that  are  required  to  clothe  them 
from  end  to  end.  The  old  hexagonal  reel  was  made  six 
or  eight  sheets  long  ;  and,  as  the  mesh  of  the  silk  was 
much  finer  than  the  old  woven  wire,  the  dressing  of  the 
flour,  i.e.,  the  separating  of  the  flour  from  the  bran,  was 
done  much  more  perfectly.  Silk  has  never  been  super- 
seded by  any  other  material  for  sifting  in  modern 
flour-milling. 

Sir  \Mlliam  Fairbairn  was  the  man  who,  perhaps  more 
than  any  other,  left  his  mark  on  flour-mills  of  the  old 
type.  He  brought  millwright  work  to  a  high  state  of 
perfection.  His  millstone  fittings,  gearing,  etc.,  were 
far  in  advance  of  anything  that  had  previously  been 
seen  in  any  corn  mills.  He  was  responsible  for  the 
marvellous  improvements  that,  starting  earlier  in  the 
centur3^,  had  removed  so  much  of  the  hea\y,  cumber- 
some gearing  and  shafting  from  British  mills,  and  re- 
placed it  with  weU-designed  and  balanced  appliances 
for  transmitting  power.  Others,  of  course,  followed  his 
example,  so  that  the  latter  mills  of  the  stone  period 
were  triumphs  of  engineering  skill.  The  final  revolution 
in  flour-milling  in  England  reaUy  began  in  1881.  Flour 
superior  to  the  home-made  article  was  being  pom'ed 
into  the  country  from  Hungary  and  America.  British 
millers  began  to  feel  that  something  was  wi"ong.  The 
talk  was  of  rollers,  and  the  trade  papers  were  full  of  the 
subject.  Improved  dress  for  millstones  was  advocated, 
and  tried.  Diamond  stone-dressing  machines  were 
introduced.  Some  few  millers  had  been  looking  into 
the  matter  ;  but  99  per  cent,  believed  that  only  stones 
could  grind  wheat  properly,  in  spite  of  the  fact  that 
Hungarian  flour,  which  was  capturing  the  best  trade 
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was  made  on  rollers.  A  few  smooth  rollers  were  intro- 
duced to  soften  middlings,  which  had  hitherto  been 
reduced  on  stones,  or  sold  for  making  ships-biscuits 
and  things  of  that  class.  Purifiers  were  invented  to 
extract  the  bran  particles  from  the  middlings,  to  enable 
them  to  be  ground  to  better  advantage  on  either  stones 
or  rollers. 

All  this  was  so  nmch  time  and  money  wasted  ;  and 
yet,  perhaps,  not  totally  wasted,  for  all  the  intermediate 
systems  were  part  of  the  evolution  that  led  to  the  roller 
mills  of  to-day.  The  first  roller  mills  appear  crude 
now  to  those  who  remember  them.  They  were  not 
automatic.  Partly  finished  products  were  sacked  off, 
and  shot  on  to  other  machines  to  be  finished,  as 
convenient. 

The  year  1881  will  always  be  remembered  in  the 
trade  as  that  of  the  great  exhibition  of  improved  milling 
machinery  which  was  held  in  London.  A  number  of 
complete  mills  were  erected,  and  shown  at  work,  in  the 
Agi  icultural  Hall  at  Islington.  Even  then,  so  great  was 
the  difference  of  opinion  as  to  the  advantage  of  rollers, 
that  stone-mill  builders  exhibited  stones  and  stone  dress- 
ings with  which  they  undertook  to  extinguish  the  hopes 
of  the  roller-mill  men.  The  millstone,  however,  as  a 
flour  maker,  had  had  its  day,  and  had  to  give  way  to 
fluted  iron  rollers  ;  and  the  roller  system  came  like  an 
avalanche  and  swept  all  the  old  methods  away.  At  one 
time  in  the  'eighties  millers  seemed  to  care  less  about 
the  cost  of  a  roller  plant  than  the  speed  with  which  it 
could  be  installed,  as  their  competitors  who  had  changed 
their  system  before  them  were  carrying  off  all  the  trade. 
The  country  was  at  the  same  time  being  inundated  with 
flour  from  Ameiica,  whose  millers  said,  and  thought, 
they  were  going  to  capture  the  trade  and  put  British 
mills  out  of  use. 
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The  decrease  in  the  imports  of  American  flour  of  late 
years,  and  the  success  of  roller  milling,  shows  how 
the  British  millers  fought,  and  defeated,  the  attempt 
to  put  them  out  of  business. 

The  full  history  of  the  evolution  in  the  manufacturing 
side  of  flour  milling  during  the  last  fifty  years  would 
require  several  large  volumes  to  record  it  ;  so  it  must 
suffice  to  say  that  the  essential  differences  between  the 
old  and  new  method  were  the  introduction  of  the 
middlings  purifier,  and  the  substitution  of  iron  rollers 
for  stones.  The  dressing  system  is  much  the  same  in 
principle,  though  improved  in  detail.  Milling  is,  first 
and  foremost,  grinding.  With  stones  the  grinding  was 
done  with  one  operation  :  with  rollers  it  is  a  system  of 
graduated  reduction. 


CHAPTER   IV 


SILOS 


Until  comparatively  recent  times,  wheat  was  all 
received  into  the  mills  in  sacks.  Often  it  arrived  along- 
side the  mill  in  bulk,  but  when  this  was  the  case  it  was 
sacked  up  in  the  boats,  and  hoisted  into  the  mill  by 
means  of  a  chain  sack-hoist. 

In  the  pre-roUer  days  there  was  very  little  actual 
machinery  in  the  mill,  and  in  most  cases  the  one  building 
served  as  mill  and  storehouse  for  the  wheat,  and  for  the 
finished  products.  In  a  few  of  the  more  modern  stone 
mills  there  was  a  separate  warehouse,  but  this  was  not 
general.  Automatic  handling  of  grain  was  not  thought 
of,  and  sacks  of  wheat  were  hoisted  into  the  mill  by  a 
sack-hoist  and  trucked  by  men  to  where  they  were 
required,  and  often  stacked  up  one  on  top  of  the  other. 
Then  when  a  mixture  had  to  be  made  for  grinding,  so 
many  sacks  of  one  sort,  and  so  many  of  another,  were 
shot,  just  as  required,  into  a  bin,  and  from  there  run 
over  the  wheat -cleaning  machines  and  so  into  the  bins 
over  the  stones.  When  the  roller  process  was  intro- 
duced, the  dressing  machinery,  purifiers,  etc.,  occupied 
so  much  of  the  mill  proper,  that  warehouses  had  to  be 
built  for  the  ground  and  unground  products. 

The  wheat-cleaning  machinery  was  perhaps  the  first 
section  to  be  given  a  department  to  itself.  This  was 
almost  invariably  over  the  engine-house  :  the  engine,  of 
course,  required  only  the  ground  floor,  and  the  two  or 
three  floors  above  were  used  for  the  wheat-cleaning 
machinery,  and  are  so  used  in  many  mills  to-day. 

Wlien  larger  mills  became  the  order  of  the  day,  fire 
insurance  considerations  demanded  separate  buildings, 
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both  as  a  means  of  reducing  the  premiums  and  to  obtain 
greater  security  from  fire  ;  but  even  then  only  ordinary 
warehouses  were  at  first  built,  and  it  was  not  till  later 
that  the  bulk  storage  of  wheat  was  introduced,  and  the 
modern  silos  built.  These  silos  are  the  storage  for  only, 
what  is  termed,  dirty  wheat,  though,  as  a  matter  of  fact, 
the  wheat  is  always  roughly  cleaned  before  being  stored 
in  them.  The  bins  for  cleaned  wheat  arc  generally  in 
the  wheat -cleaning  department,  and  are  dealt  with  in 
connection  with  the  wheat  preparing  system.     If  not 
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in  tlie  actual  wheat-cleaning  room,  these  intermediate 
bins  are  often  in  a  separate  block  adjacent  to  the  screen 
rooms. 

Probably  the  modern  silos  originated  in  North  America, 
where  they  go  by  the  name  of  elevators,  and  are  not 
necessarily  in  connection  with  flour-mills,  being  estab- 
lished at  various  points  all  over  the  States,  and  Canada, 
for  the  reception  of  wheat  from  the  farmers,  whence  it 
is  passed  on  in  bulk  railway  trucks,  or  by  water,  to 
milling  centres,  or  to  the  ports  for  shipment. 

The  sketch  shows  one  of  the  latest  mills  that  have 
been  built,  but  there  is  no  rule  as  to  the  position  of  the 


SILOS  35 

various  buildings  :  it  all  depends  upon  the  site  available. 
In  many  cases  the  mill  had  been  built  first,  and  ware- 
houses and  silos  added,  in  which  case  the  mill  was 
originally  mill  and  warehouse,  and  built  alongside  the 
rail,  or  canal,  so  that  the  other  buildings  had  to  be  placed 
where  space  was  available,  and  are  not  as  convenient  for 
getting  stuff  in  and  out  as  they  might  be.  Naturally 
the  silos  and  warehouses  should  be  nearest  the  transport 
facilities,  and  the  mill  in  the  background,  as  one  might 
say. 

Silos  are  usually  built  of  brick,  ferro-concrete,  or  steel. 
When  bricks  are  used  the  actual  silo  bins  are  usually 
made  of  timber,  with  strong  steel-plate  hoppers.  These 
hoppers  are  caiTied  on  girders  supported  on  sufficiently 
strong  pillars  resting  on  a  solid  foundation  of  either  brick 
or  concrete  ;  and  the  foundation  must  be  well  up  to  the 
total  weight  to  be  carried,  which  is  enormous  when  the 
bins  are  all  full.  The  weight  of  the  contents  is  easily 
arrived  at  when  it  is  remembered  that  a  quarter  of 
wheat  occupies  about  lOJ  cubic  ft.,  and  that  a  cubic 
foot  of  wheat  weighs  about  47  lb.  Thus,  suppose  the 
bins  are  10  ft.  X  10  ft.  square,  and  60  ft.  deep,  they  have 
a  capacity  of  10  X  10  X  60  =  6,000  cubic  ft.,  6,000 
■^  lOj  =  585  quarters  and  add,  say,  5  qrs.  for  the 
hopper  =  590  qrs.  =  about  130  tons. 

Often,  on  the  sides  of  rivers  and  docks,  it  is  necessary 
to  drive  piles  to  get  a  foundation,  and  feiTO-concrete 
piles  are  now  generally  used  and  are  far  the  best,  as  they 
are  practically  everlasting.  In  addition  to  the  dead 
weight  there  is  also  the  lateral  pressure  of  a  bulk  of 
wheat,  for  the  angle  of  rest  of  a  heap  is  only  some  30 
degrees,  and  so  the  pressure  of  the  grain  on  the  sides  is 
very  great,  especially  at  the  lower  part  of  the  bin  when 
this  is  full.  Many  of  the  early  silos  burst  and  collapsed 
from  this  lateral  pressure,  which  increases  as  the  wheat 
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settles  down  naturally  and  from  vibration.  When 
silos-houses  are  built  of  brick  they  are  lined  with  criss- 
cross timbers,  making  solid  timber  walls,  and  taking 
all  the  strain  off  the  brick  walls,  which  only  act  as  a 
protection  from  the  weather,  and  carry  the  roof.  Starting 
with  a  concrete  base  and  floor,  on  the  four  sides  of  this 
the  walls  are  built,  and,  at  the  points  where  the  corners 
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of  the  bins  come,  stout  iron  pillars  are  placed.  Across 
these  pillars  are  laid  girders,  the  extreme  ends  of  which 
are  built  into  the  brick  walls.  Hanging  down  from  the 
girders  are  the  sheet-steel  hoppers  which  form  the 
bottoms  of  the  bins,  and  also  act  as  funnels  for  leading 
the  wheat  to  the  spouts  which  form  the  exit  for  the  wheat. 
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On  the  girders  are  built  up  the  timber  structures 
which  form  the  actual  bins.  These  timbers  may  be 
6  in.  X  3  in.  at  the  bottom  of  the  bins  where  the  pressure 
is  greatest,  and  the  width  or  thickness  of  wood  work 
is  reduced  gradually  till  at  the  top  they  are  only  2  in. 
\\dde.  These  planks  are  notched  wherever  they  cross 
to  allow  them  to  form  a  solid  wall.  The  ends,  and  points 
of  intersection,  are  thoroughly  spiked  together,  and  thus 
the  walls  are  built  to  any  required  height.  It  must  be 
remembered,  however,  that  timber  shrinks  and  swells, 
so  these  bins  must  not  rest  against  the  walls,  but  there 
should  be  a  space  of,  say,  6  in.  all  round  between  the 
outside  walls  and  the  bins.  Again,  the  floor  above  the 
bins  should  not  rest  on  top  of  them,  but  be  carried  on 
joists  or  beams  from  outer  wall  to  outer  wall  in  the 
usual  way,  with  a  few  inches  clearance  between  the 
floor  and  the  top  of  the  bins.  In  some  cases  it  is  more 
convenient  to  have  the  wheat  receiving  and  preliminary 
cleaning  apparatus  in  the  screen  room,  and  the  silo 
building  entirely  bins  ;  in  which  case  it  is  usual  to  have 
one  bin  space,  at  one  end  of  the  building,  vacant,  and 
up  this  run  the  wheat  elevators  and  the  staiixase,  or  an 
operatives'  elevator.  Along  the  top  of  the  bins  is  a 
conveyor  band  to  take  the  wheat  from  the  elevator  and 
distribute  it  to  the  bins  as  required.  Another  and  more 
usual  plan  is  to  have  the  receiving  house  (containing 
automatic  weigher  and  prehminary  cleaning  machine) 
attached  to  the  silo. 

Pneumatic  Elevators. — The  pneumatic  elevator  is  the 
most  modern  appliance  for  transporting  grain  from  the 
boats  to  the  silos,  and  it  ma}'  be  as  well  to  deal  with  this 
type  of  elevator  fii-st. 

It  consists  of  a  fan,  or  an  air-pump,  a  discharger,  a 
dust  collector  and  the  necessar}*  piping. 

The  air-pump,  or  fan,  and  the  other  mechanical  parts 
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can  be  fixed  inside  the  building,  and  the  intake  pipe 
carried  down,  or  out,  to  the  grain  to  be  handled.  The 
air-pump  creates  a  vacuum  which  causes  a  rush  of  air 
inward  through  the  pipe.  The  intake  nozzle  is  attached 
to  the  pipe  by  means  of  a  flexible  metallic  tube,  which 
allows  it  to  be  inserted  in  the  grain  in  any  part  of  a 
ship's  hold,  and  moved  about  at  will.  The  suction 
draws  the  grain    into,   and  through,  the    pipe  till  the 
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discharger  is  reached  ;  there  it  is  deposited,  while  the  air 
and  dust  pass  on  into  a  dust-catcher  where  the  dust  is 
separated  from  the  air,  which  then  reaches  the  vacuum 
pump  which  in  turn  delivers  it  to  the  open  atmosphere. 
The  grain  is  delivered  from  the  discharger  by  means  of 
a  mechanical  appliance  which  prevents  air  entering 
while  allowing  the  wheat  to  pass  out.     Any  air  entering 
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otherwise  than  at  the  end  of  the  nozzle  would  pass  direct 
to  the  pump  without  lifting  the  wheat.  The  dust- 
catcher,  or  dust -filter,  is  in  an  air-tight  case  so  that  only 
air  drawn  through  the  pipe  can  reach  it.  The  power 
required  is  from  one  or  two  horse-power  per  ton  of  grain 
transported  per  hour.  The  actual  power  required 
depends  largely  on  the  distance  the  grain  is  lifted  and 
carried. 

One  of  the  greatest  advantages  of  a  pneumatic 
elevator  is  that  it  can  unload  any  number  of  parcels  of 
grain  out  of  a  ship  with  little  difficulty. 

It  is  becoming  daily  more  general  for  ships  to  arrive 
\\ith  small  parcels  of  grain,  and  this  renders  the  question 
of  the  speedy,  and  efficient,  discharge  of  the  cargo  a  far 
more  difficult  problem  than  is  the  case  with  ships 
canying  one  large  consignment. 

These  small  parcels  are  often  only  di\aded  by  mats,  or 
cloths,  and  are  often  one  on  top  of  another,  so  that  it  is 
impossible  for  a  bucket  elevator  to  pick  up  the  grain 
without  a  great  deal  of  hand-trimming,  whereas  the 
nozzle  of  a  pneumatic  elevator  can  be  moved  into  all 
the  odd  corners  of  the  hold,  and  will  pick  up  the  grain 
without  disturbing  the  mats.  If  it  requires  more  power 
than  a  bucket  elevator,  it  saves  the  cost  in  manual  labour. 
These  apphances  have  been  very  considerably  improved, 
and  take  much  less  power  than  the  earlier  ones,  and  are 
being  still  more  improved  in  this  respect.  One  advan- 
tage is  that  they  raise  no  dust  in  the  holds  ;  in  fact,  they 
take  up  the  dust  wdth  the  wheat  and  act  as  a  preliminary 
aspirator.  When  used  in  docks  the  dust  from  the  dust- 
collector  can  be  run  back  into  the  bulk.  Of  course,  the 
miller  does  not  want  the  dust,  once  it  is  extracted, 
mixed  back  in,  but  in  this  case  it  can  be  sacked  off 
from  the  dust -collect  or,  and  weighed  to  ascertain  that 
the  total  weight  of  the  parcel  is  received. 

4— (1 464  a) 
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The  difference  in  power  required  to  operate  a  belt 
and  bucket  elevator  as  against  a  pneumatic  elevator  is 
difficult  to  arrive  at,  as  they  generally  work  under 
different  conditions.     If  it  takes  1  h.p.  to  raise  33,000  lb. 
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1  ft.  in  a  minute,  it  obviously  takes  1  h.p.  to  raise 
1,000  lb.  33  ft.,  and  in  either  elevator  some  allowance 
must  be  made  for  wastage,  friction,  etc.  The  pneu- 
matic elevator,  however,  acts  as  a  conveyor  as  weU  as 
an  elevator,  and  the  intake  pipes  can  be  laid  under- 
ground, or  carried  overhead,  with  but  slight  support, 
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and  can,  without  loss  of  efficiency,  be  carried  round 
awkward  corners.  Probably  it  requires  nearly  as  much 
power  to  carry  the  grain  horizontally  as  vertically. 

Barge  Elevators. — A  barge  elevator  of  the  belt  and 
bucket  type  is  usually  attached  to  the  building  in  such 
a  manner  that  it  can  be  lowered  into  boats  alongside 


SPENCER  S    SHIP-DISCHARGIXG   ELEVATOR 


the  mill,  or  silo,  when  required  to  unload  the  vessel,  or 
raised  up  out  of  the  way  when  not  in  use.  The  elevator 
is  supported  on  a  jib  by  means  of  spring  hinges  which 
are  sufficiently  flexible  to  prevent  damage  from  any  side 
movement  which  might  be  caused  by  the  boat 
shifting. 
The  elevator  discharge  is  connected  to  the  building 
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by  a  telescopic  spout — which  allows  for  raising  and 
lowering  the  elevator — down  which  the  wheat  flows  to 
another  elevator  inside  the  building. 

A  ship-discharging  elevator  is  often  mounted  on  a 
travelling  structure,  which  can  be  moved  along  the 
quay  side,  when  necessary,  to  reach  the  ship  to  be 
unloaded.  In  this  case  a  counter-weight  on  a  beam 
balances  the  weight  of  the  elevator. 

The  capacity  of  this  type  of  elevator  entirely  depends 
on  the  size  of  the  buckets  and  the  distance  they  are 
apart  on  the  belt.  The  endless  belt  to  which  the 
buckets  are  attached  travels  at  a  speed  of  about  300  ft. 
per  minute.  They  are  enclosed  in  two  trunks,  or  legs, 
the  full  buckets  travelling  up  the  one  leg  and  returning 
down  the  other  empty.  The  bottom  pulley  is  often 
smaller  than  the  top  one,  so  that  fewer  buckets  are  in 
the  bulk  of  grain  at  one  time  than  would  be  the  case 
with  a  large  pulley,  which  would  have  more  buckets 
round  the  lower  half  of  its  circumference.  The  "  boot  " 
of  the  elevator  is  open  at  the  bottom  to  allow  the  grain 
to  flow  into  the  buckets.  All  the  remainder  of  the 
apparatus  is  enclosed  to  prevent  waste  of  wheat  spilled 
from  the  buckets.  Often  an  exhaust  fan  is  connected 
to  the  elevator  to  draw  away  the  dust  stirred  up  by  the 
buckets,  and  to  carry  it  to  a  dust  chamber,  or  dust 
collector.  A  band  conveyor  is  often  required  to  carry 
wheat  from  a  ship's  elevator  across,  or  under,  the  quay 
to  the  mill,  or  silo. 

Indian  wheats  generally  arrive  in  sacks  which  have 
to  be  lifted  out  of  the  vessels  by  means  of  chains,  and 
their  contents  shot  into  an  intake  elevator.  This,  owing 
to  the  dirt  in  this  sort  of  wheat,  is  about  the  most 
unpleasant  job  in  connection  with  flour-milling. 

Mills  receiving  grain  by  rail  and  farmers'  waggons 
should  have  an  intake  elevator  inside  the  building,  with 
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the  boot  low  enough  for  the  grain  to  be  shot  into  it, 
through  a  spout,  from  the  bed  of  the  waggon. 

A  small  country  mill  requires  an  intake  plant  just  as 
much  as  does  a  port  mill,  even  if  it  only  consists  of  an 
elevator  to  carry  the  wheat  to  the  bins,  as  a  considerable 
amount  of  labour  can  be  saved.  A  sack-hoist,  especi- 
ally in  a  water-mill,  is  almost  bound  to  affect  the  speed 
of  the  mill,  unless  driven  by  a  separate  motor,  which  is 
not  often  possible  ;  while  an  elevator  runs  steadily 
without  an}'  jar  or  shock  on  being  put  in,  or  out,  of  gear. 

The  wheat  from  the  intake  elevator,  of  whichever 
t^'pe,  is  delivered  into  the  receiving  house  and  into  an 
elevator  of  the  bucket  type.  This  carries  the  wheat 
up  to  the  top  floor  of  the  building  and  delivers  it  on  to 
an  automatic  weigher. 

The  automatic  weigher  tips  its  charge,  when  weighed, 
into  a  hopper.  This  is  necessary,  to  ensure  an  even 
regular  feed  to  the  next  machine,  as  the  weigher  delivers 
the  wheat  intermittentl}',  it  may  be  a  few  cwt.  at  a  time, 
or  even  as  much  as  three  or  five  tons  at  a  weighing, 
whereas  the  rest  of  the  intake  and  preliminary  cleaning 
machinery  requires  a  continuously  even  stream  of  wheat. 

Preliminary  Cleaning. — From  the  hopper  the  wheat  is 
fed  to  probably  a  rubble  reel,  or  it  may  be  to  a  ware- 
house separator  for  a  preliminary  cleaning.  A  rubble 
reel  is  often  used  because  of  its  great  capacity.  It  is 
often  just  an  ordinary  reel,  but  sometimes  is  built  like 
a  centrifugal  reel  without  the  beaters,  i.e.,  it  is  a  reel 
carried  on  the  outer  rails,  and  without  the  centre  shaft. 
The  advantage  of  this  is  that  having  no  centre  shaft 
there  is  nothing  for  strings  to  hang  round.  With  an 
ordinary  reel  strings  will  get  wrapped  round  the  shaft 
and  the  arms,  and  are  most  difficult  to  clean  out, 
strings  being  found  in  most  wheats.  The  first  section 
of  the  rubble  reel  is  clothed  with  fine  mesh  wire,  or  small 
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hole-perforated  steel,  to    let    the  dust  and  small  grit 
through. 

The  second  section  is  clothed  with  perforated  metal 
with  holes  large  enough  to  allow  the  wheat  to  pass 
through  and  small  enough  to  tail  over  straws,  strings, 
corn  cobs,  maize,   beans,  and  large  impurities  of  that 


LONGITUDINAL   SECT  [ON   OF 
ROBINSON'S   WAREHOUSE    SEPARATOR 

Showing  Fan  and  Air  Currents 

description.  The  reel  may  or  may  not  have  an  aspirating 
fan  ;  generally  it  has  not.  The  wheat  can  go  from  the  reel 
direct  to  the  silos,  or  be  first  passed  through  an  aspirator, 
or  a  warehouse  separator,  to  give  it  an  extra  preliminary 
cleaning.  If  no  rubble  reel  is  used  a  warehouse  separator 
is  employed. 
Warehouse    Separator. —  The     warehouse     separator 
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usually  consists  of  a  feed  hopper,  a  feed  roller,  three 
sieves,  and  an  exhaust  fan.  The  feed  hopper  is  fitted 
with  an  automatic  feed  gate  which  can  be  set  to  spread 
the  feed  all  the  width  of  the  first  sieve.  As  the  wheat 
falls  on  the  first  sieve  it  is  met  by  a  strong,  upward 
current  of  air  induced  by  the  fan  and  controlled  by  a 
valve,  which  latter  must  be  adjusted  so  that  the  air 
cuiTent  is  strong  enough  to  carry  away  dust  and  other 
matter  lighter  than  wheat,  such  as  smut  balls,  chaff, 
short  straws,  weevil-eaten  grains,  etc.  The  first  sieve 
is  a  short  one  formed  of  rather  large  holed  perforated 
zinc,  which  will  let  the  wheat  through  freely  while 
tailing  over  coarse  impurities  such  as  strings,  long  straws, 
corn  cobs,  etc.  The  second  sieve,  which  is  nearly  as 
long  as  the  machine,  is  of  smaller  holed  zinc  than  the 
first,  usually  No.  14  perforated  zinc,  large  enough  to 
let  the  wheat  pass  through  while  tailing  over  impurities 
slightly  larger,  such  as  peas,  beans,  maize,  large  oats 
and  barley,  etc. 

The  wheat  falls  through  the  second  sieve  on  to  the 
third  sieve.  This  is  too  fine  to  allow  any  wheat  to  fall 
through,  say  No.  8  zinc,  and  is  for  the  extraction  of  small 
round  seeds,  small  stones,  sand  and  other  impurities 
of  this  class.  The  wheat  tailing  over  this  third  and  last 
sieve  is  again  subjected  to  a  strong  aspiration  to  further 
remove  chaff,  light  wheat,  dust,  etc.,  detached,  maybe, 
from  the  wheat  grains  in  process  of  sifting.  This  final 
aspiration  is  controlled  by  a  valve  in  the  same  way  as 
the  first.  In  both  cases  the  air  and  dirt  are  carried 
through  expansion  chambers,  and  round  deflecting 
boards,  which  cause  most  of  the  matter  in  suspension 
to  be  deposited,  the  air  and  light  dust  only  passing 
through  the  fan,  and  thence  to  a  diist-catcher,  while 
the  hea\ner  impurities,  which  have  been  extracted  by  the 
air,  fall  through  trapped  spouts  into  sacks.     The  sieves 
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have  a  reciprocating  motion,  driven  by  cranks  from  a 
shaft  running  across  the  front  of  the  machine.  The 
motion  is,  usually,  in  the  same  direction  that  the  wheat 
travels,  or,  to  put  it  in  another  way,  the  sieves  move 
endways.  This  is  not  the  invariable  rule,  as  in  some 
machines  of  this  class  the  sieves  have  a  lateral,  or  from 
side  to  side,  movement  which  is  claimed  to  be  a  more 
searching  sifting. 

The  largest  iiiachincs  usually  have  the  sieves  in  halves, 
and  set  to  balance  each  other  ;  that  is,  while  one  is 
moving  back  the  other  is  moving  forward,  and  while 
one  is  moving  forward  the  other  is  moving  back,  the 
object  of  this  being  to  prevent  the  vibration  of  the  whole 
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SECTIONS   OF   CORCORAN    BAND    CONVEYOR 
Showing  Terminals  and  Putting-on  and  Throw-off  Carriages 

machine.  It  will  be  noticed  that  this  machine  makes 
separations  by  size  and  weight,  removing  dust  and  light 
impurities  by  air  currents,  and  grading  the  heavier 
stock  by  means  of  sieves.  It  is  now  usual  to  exhaust  all 
possible  dust  from  the  various  spouts,  etc.,  of  the  intake 
plant.  Thus  an  exhaust  is  applied  to  spouts,  elevators, 
automatic  weighers,  etc. 

The  wheat  is  spouted  from  the  warehouse  separator 
into  an  elevator  that  carries  it  up  to  the  top  of  the  silos 
and  deposits  it  on  a  band  conveyor.  This  runs  the 
whole  length  of  the  top  floor  and  high  enough  from  the 
floor  for  the  wheat  to  be  spouted  to  the  bins  on  the  outer 
side  of  the  silo  block.     A  travelling  throw-off  carriage 
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is  provided,  that  can  be  set  at  any  point  along  the  belt, 
to  deflect  the  wheat  into  any  desired  bin. 

Under  each  bin  is  fixed  a  wheat -measurer  which  will 
draw  out  the  exact  proportion  required  from  its  bin  ; 
or  a  number  can  be  working  at  once,  each  delivering 
a  set  portion  from  its  bin.  These  deliver  on  to  a  belt, 
or  worm  conveyor,  which  canies  the  grain  into  a  wheat- 
cleaning  department,  or,  as  it  is  generally  called,  "  the 
screen  room." 


CHAPTER  V 

WHEAT   CLEANING   AND   CONDITIONING 

To  make  good  flour  requires,  first,  good  wheat,  and, 
second,  only  wheat,  and  clean  wheat  in  good  condition. 
A  comparatively  short  time  before  the  introduction  of 
the  roller  system  the  screen  room  was  actually  what  its 
name  conveys,  for  in  many  cases  a  screen  was  the  only 
machine  used  in  the  preparation  of  the  grain.  Then 
came  the  wheat  scourer,  which  often  went  by  the  name 
of  the  smutter.  In  those  days  the  importance  of  wheat- 
cleaning  was  not  realised  as  it  is  now.  The  roller 
system  made  such  an  improvement  in  flour  that  for  a 
time  wheat-cleaning  was  left  very  much  in  the  back- 
ground. In  fact,  it  was  considered  that  roller  milling 
rendered  wheat  cleaning  less  necessary  :  but,  having 
brought  the  roller  system  a  long  way  towards  perfection, 
millers  and  engineers  devoted  more  attention  to  what 
is  still  known  as  the  screen  room.  Now  it  is  well  under- 
stood that  the  more  thoroughly  wheat  is  prepared  for 
the  mill  the  better  is  the  resultant  flour,  and  this  being 
the  case  no  expense  can  be  spared  to  make  the  wheat- 
cleaning  as  perfect  as  possible.  Dirt  has  been  defined 
as  "  matter  in  the  wrong  place,"  so  anything  except 
wheat  that  goes  to  the  first  break  roll  is  most  certainly 
"  matter  in  the  wrong  place."  The  machines  used  in 
wheat-cleaning  are  designed  to  remove  all  that  is  dirt 
from  the  wheat,  and,  as  the  dirt  assumes  many  forms, 
a  sequence  of  machines  is  required  for  its  elimination. 
Matter  larger,  smaller,  lighter,  heavier,  and  of  slightly 
different  shape  'from  wheat  can  be,  to  a  large  extent, 
separated  from  it  by  sifting  and  aspiration, 
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But  impurities  adhering  to  the  grain  have  to  be 
scoured  and  washed  off  before  they  can  be  ehminated. 
So  much  have  the  benefits  of  wet  cleaning  been  reahsed 
that  most  millers  wash  all  their  wheat,  be  it  soft  or  hard, 
dry  or  damp  ;  for  it  has  been  found  that  sweated, 
clammy  English  wheat  can  be  greatly  improved  by 
washing  before  any  attempt  is  made  to  diy  it.  Russian, 
Indian  and  Persian  wheats  can  only  be  cleaned  by 
washing  as  they  contain  lumps  of  hard  clay,  stones,  etc. 
There  should  be  an  automatic  weigher  to  weigh  the 
wheat  received  into  the  screen  room  from  the  silos. 
This  will  enable  the  miller  to  tell  exactly  how  much 
weight  is  gained  or  lost  in  this  department.  The  first 
of  the  cleaning  machines  is  the  milling  separator.  This 
must  have  a  bin  over  it  large  enough  to  hold  at  least 
one  charge  of  the  automatic  weigher,  and  the  feed  of 
the  separator  must  be  set  to  practically  empty  the  bin 
by  the  time  another  charge  is  weighed  and  tipped  into 
it.  The  weigher  works  intermittently  while  the  feed 
works  continually,  so  that  there  must  be  this  small  bin 
between  to  equalise  matters.  In  many  mills  there  are 
large  dirty  wheat  bins  in  the  screen  room  into  which  the 
wheat  is  sent  as  required  from  the  silos,  and  from  them 
conveyed  to  the  milling  separator  direct. 

Milling  Separator. — One  type  of  the  milling  separator 
is  practically  the  same  as  the  warehouse  separator 
previously  described,  with  the  exception  that  the  first 
short,  coarse-meshed  sieve  is  omitted,  and  the  fii'st  long 
sieve  is  of  smaller  meshed  perforated  zinc,  No.  12  as 
against  No.  14  on  the  corresponding  sieve  of  the  former 
machine. 

Another  pattern  is  known  as  the  Zig-Zag  Separator 
from  the  arrangement  of  the  sieves  which  carry  the 
material  backwards  and  forwards,  dropping  it  from  one 
sieve  to  another  down  a  zig-zag  course.     These  sieves 
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invariably  have  a  lateral  movement  which  is  claimed 
to  give  closer  cleaning  than  the  ordinary  reciprocating 
movement.  The  matter  removed  by  the  milling 
separator  is  much  of  the  same  nature  as  that  taken  out 
by  the  warehouse  separator,  but  the  cleaning  is  more 
thorough  and  much  dirt  missed  in  the  fii'st  instance  is 
extracted  here. 

-  The  first  aspiration  removes  dust,  chaff,  smut-balls, 
light  wheat,  etc.     The  first  sieve  lets  the  wheat  through. 


INVINCIBLE   ZIG-ZAG   MILLING   SEPARATOR 


tailing  over  peas,  beans,  maize,  oats,  barley,  and  stones, 
and  lumps  of  soil  larger  than  the  wheat  ;  the  second 
sieve  of  No.  8  perforated  zinc  lets  through  sand,  round 
seeds,  and  stuff  of  this  class,  the  wheat  tailing  over  and 
being  aspirated  for  the  second  time.  This  aspiration 
removes  chaff  and  other  matter  that  has  been  loosened 
from  the  grain  in  the  friction  of  the  sifting,  also  light 
grain  that  has  been  missed  in  previous  aspirations. 

The  next  step  in  the  cleaning  is  rather  difficult  to 
determine  as  there  are  a  number  of  ways  of  proceeding. 
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It  must  be  clearly  understood  that  there  is  no  correct 
hard  and  fast  rule,  no  one  system  that  can  be  said  to  be 
the  proper  system,  as  they  all  claim  their  own  particular 
advantages.  It  was  once  the  rule  to  grade  wheat  from 
the  milling  separator  into  two  sizes,  the  large  wheat 
going  to  the  barley  cylinders,  and  the  small  to  the  cockle 
cylinders,  it  being  taken  for  granted  that  the  barley 
and  oats  were  all  contained  in  the  large  wheat,  and  the 
cockle  and  other  small  seeds  in  the  small  wheat.  The 
latest  system  is  to  send  the  wheat  direct  from  the  milling 
separator  to  a  feed  divider,  which  divides  the  stream 
into  as  many  equal  parts  as  there  are  barley  cylinders, 
the  whole  of  the  wheat  passing  through  the  barley 
cylinders  and  each  two  barley  cylinders  feeding  one 
cockle. 

Indented  Cylinders. — ^To  understand  the  reason  of  this 
arrangement  it  is  necessary  to  know  how  the  cylinders 
work.  Barley  and  cockle  cylinders  are  known  too  well 
to  millers  to  need  much  detailed  description.  They 
can  be  made  any  reasonable  length,  of  from  4  ft.  1  in. 
long  by  14  in.  dia.,  to  10  ft.  long  by  32  in.  dia.,  the  most 
usual  size  being  Nos.  3,  4  and  5.  The  outer  case  is 
usually  made  of  zinc  plates  bent  into  a  cylinder,  the 
inner  side  having  drilled  or  punched  indents  varying 
in  size  according  to  the  separations  they  are  required 
to  make.  The  size  of  the  indents  has  been  standardised. 
No.  12  is  the  usual  size  indent  used  for  separating 
wheat  from  barley  and  oats.  Punched  indents  are  usually 
preferred  for  this,  as  they  allow  one  side  of  the  indent 
to  be  flattened  slightly,  which  provides  a  more  secure 
resting-place  for  a  grain  of  wheat  than  does  a  perfectly 
round  hole.  Inside  the  cylinder,  which  revolves  on, 
not  with  the  spindle,  is  a  fixed  tray,  one  edge  of  which 
projects  close  to  the  rising  side  of  the  cylinder.  The " 
grain  running  down  the  cylinder  lodges  in  the  indents 
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and  so  is  carried  up  to  a  point  about  equal  to  the  figure 
10  on  a  clock  face.  The  oats  and  barley,  being  slightly 
longer  than  the  wheat,  tip  out  of  the  indents  first  and 
fall  to  the  bottom  of  the  cylinder  again,  while  the  wheat 
grains  are  carried  a  little  higher,  and  when  they  fall 
are  above  the  lip  of  the  tray  into  which  they  drop.  This 
tray,  which  is  curved  to  form  a  worm-box,  is  fixed  to 
the  spindle,  and,  by  turning  the  spindle  slightly,  the  lip 
near  the  side  of  the  cylinder  can  be  raised  or  lowered, 
and  thus  a  vcrj'  wide  range  of  adjustment  is  allowed  to 
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suit  the  size  of  the  grain  being  treated.  In  the  lower 
curved  part  of  the  tray  is  a  worm  which  can'ies  the  wheat 
deposited  in  it  to  the  tail  of  the  machine  and  delivers  it 
out  at  the  end,  while  the  barley  and  oats  gradually 
work  down  the  inside  of  the  cylinder  and  pass  through 
the  slots  cut  near  the  end. 

The  usual  indents  for  the  cockle  cylinders  are  the  No.  3 
drilled  :  and  these  machines  work  in  exactly  the  oppo- 
site way  to  the  barley  cylinders,  the  cockles  and  round 
seeds  being  carried  high  enough  to  drop  into  the  tray, 
while  the  wheat  shdes  down  the  inside  of  the  cyhnder 
and  passes  out  through  the  slots.    Both  the  barley  and 
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cockle  cylinders  are  given  a  fall  of  about  an  inch  in  a 
foot.  The  wheat  passes  on  to  the  next  machine,  while 
the  barley  and  oats  are  sent  to  a  re-barley  cylinder,  to 
recover  any  wheat  that  may  be  left  in  them.  The  cockle 
is  sent  to  a  re-cockler  to  recover  any  wheat  that  may  have 
been  lifted  out  \\ith  it.     Sometimes  the  re-barley  cylinder 


CROSS-SECTION  OF  COCKLE   CYLINDER, 
SHOWING   HOW   SEPARATION    IS   MADE 

has  indents  one  size  larger  than  the  original  cylinder 
and  the  re-cockler  one  size  smaller,  though  this  is  not 
absolutely  necessary  as  the  adjustment  of  the  internal 
tra\'s  gives  a  wider  range  of  separation  than  two  sizes 
of  indents. 

It  will  be  seen  from  the  above  that  the  indent  cylinders 
have  to  lift  every  giain  of  wheat  out  of  the  barley  and 
oats,  and,  theoretically  at  least,  each  indent  only  holds 
one  grain  at  a  time,  and,  as  the  barley  cyhnders  have  to 
lift  out  about  99  per  cent,  of  the  feed,  more  svuface  is 
required  than  for  the  cocklers,  which  only  have  to  lift 
out  1  per  cent,  to  2  per  cent,  of  the  feed,  while  the 
indents  being  smaller  there  are  about  double  the  number 
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of  them  to  the  square  foot  of  surface,  hence  the  reason 
for  having  two  barley  cyhnders  to  one  cockle  cylinder. 
Wheat  Scourer. — ^The  wheat  next  goes  to  the  scourer. 
This  consists  of  a  perforated  iron  cylinder,  through  which 
runs  a  shaft  carrying  a  number  of  beaters  which  revolve 
at  a  high  rate  of  speed,  scouring  the  wheat  against  the 
inside  of  the  cylinder.  The  cylinder  has  long  hole 
perforations  all  over  it,  and  the  impurities  scoured  off 
pass  away  through  these  slots  which  are  too  narrow  to 
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let  the  wheat  through.  Sometimes  the  inside  of  the 
cylinder  is  coated  with  emery  to  make  the  scouring  more 
severe.  The  machine  is  provided  with  a  powerful  fan 
which  aspirates  the  grain,  and  removes  dust  as  the 
wheat  enters  the  scouring  chamber,  all  the  time  it  is 
being  scoured,  and  again  as  it  leaves  the  machine.  The 
scourer  removes  adhering  dirt,  scours  off  smut  and 
beard,  and  more  or  less  of  the  fii'st  bran  coat.  This  is 
all  exhausted'  away,  and  the  wheat  has  a  polished, 
srnooth  look. 
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Washer  and  Stoner. — ^The  wheat  next  passes  into  the 
washer,  which  removes  adhering  dirt,  dissolves  clay- 
balls,  separates  stones,  etc.,  and  the  wheat  takes  up  a 
certain  amount  of  water,  partly  depending  upon  the 
sort  of  wheat,  and  partly  upon  the  time  it  is  immersed 
in  the  water.  Indian  wheats  are  hard  and  flinty,  and 
need  a  considerable  amount  of  soaking.  Indeed,  when 
washing  these  wheats  by  themselves,  it  is  not  unusual 
to  steam  them  first  by  running  them  along  a  12  ft. 
worm,  with  a  lid  on,  into  which  live  steam  is  turned. 
Many  millers  wash  their  wheats  in  hot  water,  very 
often  using  condenser  water  from  the  engine  for  this 
purpose  ;  otherwise  the  water  can  be  heated  with  a 
steam-pipe  coil  in  a  tank. 

Indian  wheats  should  in  all  cases  be  washed  by  them- 
selves first,  and  then  washed  again  in  the  mixture. 
Theoretically  it  would  be  better  to  wash  each  wheat 
separately.  In  actual  practice  it  is  found  quite  satis- 
factory to  wash  similar  wheats  together  ;  or,  if  hard 
wheats  are  given  a  preliminary  washing,  they  can  be 
washed  in  the  mixture  again,  and — given  a  good  modern 
conditioner,  or  even  a  good  drier — let  lie  together  in  a 
blending  bin,  they  will  give  and  take  moisture  till  they 
are  all  practically  of  the  same  softness. 

Before  the  Indians  have  their  preliminary  washing 
they  may  be  passed  along  the  steaming  worm,  and  this 
steaming  will  enable  the  water  in  the  washer  to  pene- 
trate the  berry  better  than  if  the  wheat  is  washed  in  its 
original  harsh  state.  Good  results  can  also  be  got  by 
washing  these  wheats  in  warm  water  ;  but  then  they 
require  passing  through  a  drier  with  plenty  of  cold 
air  to  thoroughly  cool  them  before  going  to  the  bin. 
They  need  washing  twice  to  bring  them  to  an  even 
mellowness  with  most  of  the  other  wheats  that  are 
washed  only  once. 

5— (1464A) 
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There  are  many  forms  of  washers.  The  Mumford 
Patent,  by  Messrs.  Henry  Simon,  Ltd.,  will  serve  for 
an  example  of  this  type  of  machine.  It  is  in  fact  three 
machines  in  one,  being  a  washer,  stoner,  and  whizzer. 
The  washer  consists  of  a  tank  of  water  along  which, 
partly  submerged,  runs  a  worm  conveyor.  Into  this 
the  wheat  is  fed,  and  wormed  along  through  the  water 
to  the  whizzer  at  the  other  end.     Under  the  wheat 
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worm  is  a  smaller  worm  conveying  in  the  opposite 
direction.  The  wheat  is  carried  forward  by  the  upper 
and  larger  worm  into  the  whizzer,  while  the  stones 
being  of  greater  specific  gravity  fall  on  to  the  small 
worm,  and  are  carried  back,  and  dropped  into  a  receiving 
chamber.     The  action  of  the  upper  worm  causes  a  flow 
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of  water  which  prevents  the  wheat  being  caught  by  the 
lower  one,  so  that  a  complete  separation  of  stones  and 
wheat  is  made.  The  whizzer  consists  of  a  number  of 
short  blades  fixed  to  a  rapidly  revolving  drum,  and  set 
at  an  angle  to  carry  the  wheat  upwards  inside  the 
perforated  case  in  which  they  revolve.  They  also  have 
a  powerful  centrifugal  action  which  drives  the  water 
through  the  perforations  in  the  casing,  so  that  the  wheat 
is  discharged  from  the  top  of  the  whizzer  fairly  dry. 
The  water  in  the  washing  tank  can  be  kept  at  any 
desired  depth.  The  dirty  water  running  away  con- 
tinually is  replaced  by  streams  of  clean  water  falling 
into  the  wash  ng  worm.  The  worm  box  is  perforated 
so  that  the  water  passing  through  into  the  tank  carries 
the  dirt  with  it. 

Some  washers  are  of  a  double  type,  having  two  tanks 
and  two  worms,  so  that  very  dirty  wheats  can  receive 
a  double  washing. 

A  simple  type  of  washer  and  stoner  is  the  "  Concen- 
tric." This  is  in  the  form  of  a  hoUow  cone  filled  with 
water  into  which  the  wheat  falls.  An  upward  flow  of 
water  carries  the  wheat  with  it  out  of  the  appliance, 
but  the  stones  being  heavier  fall  through  the  rising 
water  into  the  point  of  the  cone  whence  they  can  be 
removed  by  means  of  a  trap.  The  wheat  and  water 
pass  into  a  whizzer. 

Dirt  removal  is,  of  course,  the  primary  object  in 
washing  wheat.  The  modern  washer  was  introduced 
to  wash  wheats  like  Indians,  and  some  Russians,  which 
contained  hard  lumps  of  clay  that  could  not  be  otherwise 
eliminated.  A  dry  stoning  system  was  used  before  the 
washer  provided  a  better  and  simpler  way  of  extracting 
them.  Before  the  washer  was  introduced,  a  damping- 
worm  was  used  to  damp  such  brittle  wheats  as  Cali- 
fornians.     This  was  simply  a  worm  a  few  feet   long 
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carrying  the  wheat,  into  which  a  tap  ran  a  stream  of 
water.  The  chief  object  of  this  was  to  toughen  the  bran, 
and  prevent  it  from  being  so  much  cut  up  in  grinding. 

In  addition  to  its  other  use,  the  washer  is  of  great 
importance  as  the  first  step  in  wheat  conditioning.  It 
is  necessary  to  remember  that  Britain  imports  wheats 
from  all  parts  of  the  world.  Some  are  mellow,  some 
soft,  whilst  many  are  hard  and  flinty  with  a  very  brittle 
skin,  and  these  last  require  tempering  as  well  as  washing. 
Indians  and  some  Russians  and  American  Durums 
require  softening  as  well  as  cleaning,  and  the  quantity 
of  water  to  be  added  to  them  depends  somewhat  on  the 
district  for  which  the  flours  are  intended.  There  are 
again  wheats  which  though  already  soft  require  washing 
for  washing's  sake,  such  as  Russians,  Plates,  Winters 
and  smutty  English  ;  in  fact,  practically  all  wheats  are 
washed  nowadays,  and  the  soft  ones  are  dried  again. 

Another  advantage  of  the  washer  is  that  out-of-con- 
dition  English  wheats  can  be  dried  much  better  after 
washing  than  if  not  washed.  There  is  a  natural  sweating 
which  forms  a  sort  of  gum  on  out-of-condition  grain, 
and  if  this  is  removed  wheat  can  be  dried  much  more 
satisfactorily.  All  sorts  of  primitive  forms  of  washing 
were  tried,  and  dropped,  before  the  modern  washer  was 
introduced. 

Conditioning  Wheat. — It  is  now  well  understood  that 
water  is  even  more  beneficial  to  the  endosperm  than 
to  the  bran,  and  mellowing  the  grain  is  of  much  more 
importance  than  toughening  the  outer  covering.  Cer- 
tain hard  wheats,  when  mellowed  by  proper  conditioning, 
are  stronger  and  yield  better  flour  than  if  ground  dry  ; 
and,  when  the  miller  has  added  3  or  4  per  cent,  of  water 
to  the  grain  before  grinding,  the  flour  wiU  make  more 
bread  per  sack  from  the  resultant  flour  than  from  the 
dry  flour. 
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The  chief  aim,  however,  in  conditioning  wheats  is  to 
bring  the  whole  of  the  mixture  to  the  same  degree  of 
hardness  or  softness.  To  accomphsh  this  it  is  sometimes 
necessary  to  wash  some  of  the  hardest  wheats  twice ; 
wash  without  whizzing  them  the  first  time,  and  send 
them  to  a  conditioning  bin.  These  conditioning  bins 
are  a  very  important  part  of  the  process.  It  is  only 
possible  to  wet  the  outside  of  the  bran,  and,  as  it  is  re- 
quired to  have  the  moisture  distributed  evenly  right 
through  the  berry,  the  wheat  must  lie  in  a  bin  for  the 
water  to  soak  through  into  the  inside  of  the  berry. 

The  prehminary  washing  can  be  regulated  to  suit  the 
harshness  of  any  particular  wheat.  Indian  wheats, 
which  often  have  an  earthy  smell  owing  to  the  soil  they 
contain,  are  washed  and  let  stand  till  a  slight  fermenta- 
tion is  set  up,  which  destroys  the  smell.  In  some  mills 
all  sorts  of  wheat  are  washed  separately.  In  others, 
certain  hard  wheats  are  washed  first,  and  then  run  into 
the  mixture,  and  all  washed  together  again.  The  extra 
cost  of  washing  these  wheats  twice  is  justified  by  the 
fact  that  they  are  much  cheaper  as  a  rule.  When  the 
mixture  is  made  up  it  should  lie  together  to  temper  for 
twelve  to  twenty-four  hours,  i.e.,  for  the  hard  wheats 
to  absorb  some  of  the  moisture  from  the  softer  ones. 

When  soft  wheats  are  washed  it  is  often  necessary  to 
dry  them  more  than  can  be  done  by  the  whizzer,  A 
wheat-drier  is  then  necessary.  It  consists  of  a  long 
upright  chamber  or  chambers  down  which  the  wheat 
passes  in  a  thin  stream  between  perforated  sm'faces, 
passing  over  slight  obstructions  which  continually 
break  the  stream,  thus  preventing  the  same  grains  from 
always  being  in  the  middle.  Hot  air  is  blown  through 
the  streams  of  wheat  for  about  two-thirds  of  the  length 
of  its  travel  to  carry  off  the  moisture. 

The  wheat  is  then  cooled  by  blasts  of  cold  air  dui"ing 
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the  last  third  of  its  journey.  The  rate  of  travel  of  the 
grain  can  be  regulated  so  that  it  remains  in  the  apparatus 
a  longer  or  shorter  time  according  to  how  much  drying 
it  requires.  The  inlet  and  outlet  are  connected  in  such 
a  manner  that  the  wet  wheat  automatically  enters  as 
fast  as  the  dry  escapes,  so  that  the  chambers  are  always 
filled. 

The  drier  made  by  Messrs.  E.  R.  &  F.  Tuiner,  of 
Ipswich,  consists  of  two  vertical  cylinders  of  perforated 
metal,  one  within  the  other,  the  wheat  passing  between 
the  two.  The  whole  revolves  ;  the  dry  wheat  being 
discharged,  by  means  of  a  stationary  scraper,  into  the 
delivery  spout  at  the  bottom.  The  feed-hopper  at  the 
top,  being  connected  to  the  scraper,  regulates  the  dis- 
charge to  the  supply  so  that  the  machine  is  always  full, 
otherwise  the  air  would  all  rush  through  the  vacant 
space  instead  of  through  the  layer  of  wheat.  Two  fans 
are  necessary  on  wheat  driers,  one  for  hot  air,  and  one 
for  cold.  The  warm  air  is  heated  by  drawing  it  through 
a  nest  of  steam-heated  pipes. 

The  greatest  difficulties  in  conditioning  wheat  are 
owing  to  atmospheric  changes,  inasmuch  as  the  damp- 
ness or  dryness  of  the  air  used  affects  the  process. 
Wheat  requires  large  quantities  of  air  to  carry  off  the 
moisture,  and  damp  air  naturally  does  not  carry  off  as 
much  moisture  as  drier  air,  and  especially  is  this  so  in  the 
cold  section  as  the  warm  wheat  might  absorb  moisture 
from  the  air  used  to  cool  it,  so  that  considerable  care 
and  judgment  are  required. 

The  undoubted  improvement  which  is  seen  in  bread 
made  from  the  flours  of  well  conditioned  wheats  may 
safely  be  ascribed  to  equal  diffusion  of  moistm'e  in  the 
wheat,  and  more  even  granulation  of  the  flour  owing 
to  the  fact  that  less  pressure  is  required  on  both  break 
and  reduction  rolls, 
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Another  type  of  drier  and  conditioner  is  effective 
in  that  it  uses  very  Httle  air,  so  that  it  marks  some 
change  in  the  process.  It  was  originally  intended  to 
use  no  air,  but  this  was  found  to  be  impossible.  The 
apparatus  now  to  be  described  consists  of  three  sections. 
The  first  section  is  for  heating  the  wheat,  which  is  done 
by  passing  it  over  a  series  of  pipes  heated  with  hot 
water,  with  the  temperature  of  the  water  under  the 
control  of  the  operative.  The  section  is  filled  up  with 
exhaust  ducts  which  serve  to  break  up  the  travel  of  the 
wheat,  and  in  heavily  conditioned  samples  exhaust  can 
be  applied  to  draw  off  any  desired  amount  of  moisture, 
3  to  3J  per  cent,  of  moisture  has  been  drawn  off,  this 
depending  on  the  amount  of  air  and  heat  used.  The 
usual  practice  is  to  raise  the  temperature  of  the  wheat 
to  from  110  to  125°F.,  depending  on  the  nature  of  the 
trade  and  of  the  wheat  being  treated. 

The  next  section  is  used  for  cooling  and  aspirating 
the  grain,  also  for  drying  when  necessary.  This  is  cut 
off  from  the  top  section  by  grids,  thus  enabling  the  top 
section  to  be  filled  with  the  wheat  being  heated.  If  it 
were  not  for  this  grid  or  slide,  the  wheat  would  pass 
through  the  heating  section  too  quickly  to  be  warmed. 

The  third  section  is  entirely  for  cooling,  and  consists 
of  cold-water  pipes  which  cool  the  wheat  as  it  passes 
over  them,  ^\^leat  is  an  excellent  non-conductor  of 
heat,  and  it  is  necessary  in  this  class  of  machine  that 
provision  be  made  to  break  up  the  vertical  stream  of 
wheat  so  that  each  grain  can  be  heated  and  cooled 
equally.  By  extending  the  second,  or  aspirating  section, 
wheat  can,  in  certain  circumstances,  be  cooled  without 
using  the  third  section.  In  the  case  of  English  or  other 
soft  varieties  of  wheat  the  results  obtained  by  this 
method  are  almost  as  good  as  when  the  wheat  is  passed 
through  the  complete  machine,  as  more  air  can  be  used, 
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But  with  the  harder  varieties  of  wheat  it  is  desirable  to 
use  the  minimum  quantity  of  air,  otherwise  the  bran 
will  be  too  brittle.  With  a  machine  of  this  pattern  having 
g.  capacity  of  twenty  sacks  per  hour  and  an  area  of 
3  ft.  X  2  ft.  9  in.,  it  will  readily  be  seen  that,  were  it 
not  for  some  special  devices,  the  tendency  of  the  wheat 
would  be  to  run  faster  down  the  centre  than  at  the  sides  ; 
but  this  difficulty  has  been  overcome,  and  the  grain  is 
quite  uniform  in  condition  from  whichever  part  of  the 
machine  it  is  taken.  The  whole  machine  is  full  of  wheat, 
guided  by  channels  of  various  designs.  The  gate  at 
the  bottom  is  actuated  by  the  hopper  at  the  top.  The 
gate  is  set  for  a  continuous  flow,  but,  if  feed  accumulates 
in  the  hopper  at  the  top,  the  weight  in  the  hopper  opens 
the  gate  at  the  bottom,  and  allows  the  excess  to  pass 
away.  The  gate  controlled  by  the  hopper  is  as  sensitive 
as  the  feed  of  a  roller  mill. 

Water  is  used  at  a  temperature  of  160  to  212°F.,  the 
heat  being  maintained  by  live  steam,  a  valve  allowing 
excess  steam  condensed  to  escape.  The  sides  are 
insulated  so  that  all  heat  is  usefully  absorbed  by  the 
wheat,  and  not  blown  into  the  room,  with  the  result  that 
the  screen  room  is  as  clean  as  the  purifier  room. 

The  heat  is  only  supplied  through  the  water  pipes, 
and  the  pipes  are  so  spaced  that  the  column  of  wheat 
is  never  more  than  1^  in.  thick.  In  it  are  placed  air 
ducts  and  other  devices  in  such  a  way  that  the  column 
of  grain  is  continually  broken  up. 

Tempering  Bins. — -It  is  the  practice  of  some  millers  to 
wash  their  wheats  before  they  go  to  the  cylinders  and 
before  scouring  them.  The  advantages  claimed  for 
this  method  are — first,  that  the  barley  and  oats  are 
washed  and  freed  from  lumps  of  dirt  and  stones,  and 
are  therefore  in  a  better  state  for  use  as  provender; 
second,  a  whegit  scourer  is  a  very  severe  machine  and 
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apt  to  break  some  of  the  grains  of  brittle  wheat,  the 
broken  grains  being  lost  as  far  as  flour-making  is  con- 
cerned. When  washed  before  scouring  the  grain  is 
toughened  and  therefore  not  so  likely  to  break  in. 
scouring. 

Whether  it  is  scoured  before  washing  or  not,  as  soon 
as  it  comes  from  the  washing  and  drying  section  of  the 
plant,  the  wheat  is  sent  into  the  tempering  bins  to  allow 
the  moisture  taken  up  in  washing  to  permeate  each 
berry,  which  usually  takes  from  about  twelve  to  eighteen 
hours.  There  must  be  a  sufficient  number  of  bins  to 
hold  enough  of  the  washed  wheats  to  supply  the  mill  for 
a  certain  period,  usually  twenty-four  hours  ;  as  it  is 
not  usual  to  run  the  wheat -preparing  department  at 
night. 

The  wheat  is  drawn  from  the  tempering  bins  by 
means  of  measuring  devices,  usually  called  wheat - 
mixers.  One  of  these  fixed  under  each  bin,  in  the  same 
way  as  those  under  the  silo-bins,  enables  any  desired 
quantity  to  be  drawn  from  each  bin  to  make  up  the 
mixture  in  the  proportions  required  for  the  mill.  If  the 
wheats  in  the  mixture  have  not  been  previously  scoured, 
the  mixture  goes  to  the  scourer  and  then  to  a  brush 
machine.  If  it  has  been  scoured  it  may  be  scoured  a 
second  time,  but  generally  it  goes  at  once  to  the  brush 
machine. 

Wheat  Brush. — ^The  wheat  brush  is  constructed  on 
almost  the  same  lines  as  the  wheat  scourer,  with  the 
exception  that  inside  the  perforated  cylinder,  instead  of 
beaters,  a  revolving,  cylindrical  brush  is  mounted  on 
the  shaft  and  brushes  the  wheat,  giving  it  a  final  polish 
before  it  goes  to  the  clean  wheat  bins  in  the  mill  proper. 
The  wheat  is  aspirated  as  it  enters  the  machine,  all  the 
time  it  is  being  brushed,  and  again  as  it  leaves  the 
niachine.     The  combined  action  of  the.  brushing  and 
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aspirating  thoroughly  removes  the  remaining  dust 
adhering  to  the  grain.  The  clean  wheat  bins  should 
each  be  large  enough  to  contain  twelve  hours' 
supply  of  grain,  so  that,  if  each  sort  of  wheat  in  the 
mixture  does  not  contain  exactly  the  same  amount  of 
moisture,  there  may  be  time  for  some  of  the  drier  berries 
to  absorb  some  of  the  moisture  of  the  damper  ones. 
About  15  per  cent,  of  moisture  is  the  amount  in  the 
wheat  when  it  goes  on  to  the  first  break  rolls. 

There  is  usually  another  wheat  brush,  or  a  wheat 
aspirator,  in  the  mill  immediately  before  the  first  rolls, 
to  ensure  that  no  dust  passes  to  the  breaks  with  the 
wheat,  as  such  dust  would  seriously  discolour  the  break 
flour. 

A  magnetic  separator  is  placed  before  each  scouring 
machine  and  before  the  first  break  rolls  to  extract  any 
iron  or  steel,  such  as  nails,  bits  of  wire,  etc.,  which  might 
injure  those  machines. 


CHAPTER  VI 

THE   BREAK   SYSTEM 

The  modern  system  of  flour-milling  is  summed  up  in  the 
term  "  Gradual  reduction."  Every  grinding  machine 
reduces  the  grain  a  little,  and  separations  are  made 
between  the  reductions,  partly-ground  stock  going  on 
to  be  further  reduced,  while  finished  products  are  sacked 
off,  ready  for  market.  Grind,  sift  ;  grind,  sift,  is  the 
order  of  the  process. 

For  convenience  of  nomenclature  the  grindings  for 
extracting  the  endosperm,  or  floury  parts,  from  the  bran 
are  called  breaks  and  the  remainder  reductions.  The 
break  rolls  open  out  the  berr3^  and  loosen  its  contents 
in  the  shape  of  break  flour,  dunst,  middlings  and  semo- 
lina, commonly  called  chop.  This  chop  contains  a 
certain  percentage  of  bran,  broken  up  in  extracting  the 
endosperm  from  the  bran,  or  skin  of  the  berry.  It  may 
be  well  to  point  out  that  dunst,  middling's,  and  semolina 
are  not  distinctive  materials,  but  simply  names  given 
to  broken  pieces  of  the  endosperm  of  certain  well- 
understood  sizes.  The  germ  is  a  distinct  body,  differing 
in  composition  from  the  other  parts  of  the  grain.  It  is 
detached,  generally  whole,  in  the  break  process,  and  is 
of  about  the  same  size  as  the  semolina,  from  which  it  is 
separated  later  on  in  the  milling  process.  The  great 
objects  to  be  achieved  in  the  break  process  are,  fiist, 
to  make  as  little  actual  flour  as  possible  and  as  much 
granular  stock — semolina  and  middlings — as  is  possible  ; 
second,  to  free  the  bran  from  the  endosperm,  and  send 
it  to  the  bran  sack. 

The  clean  wheat,  coming  on  to  the  first  rollers,  is 
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broken  open  and  a  certain  amount  of  endosperm  freed. 
This  latter  is  sifted  out,  and  the  broken  wheat  passes  on 
to  the  second  break  rollers.  This  process  is  repeated 
till  only  the  bran  is  left,  and,  being  dusted  through  a 
bran-duster,  is  sent  to  the  bran  sack.  The  number  of 
breaks  used  once  varied  from  two  to  as  many  as  eight, 
but  four  have  come  to  be  recognised,  generally,  as  the 
most  satisfactory  number  necessary  to  give  clean  bran, 
and  the  largest  percentage  of  semolina  and  middlings, 
though  two  or  three  only  are  often  used  in  small  mills. 

When  the  roller  system  was  first  introduced,  there  was 
an  idea  that  the  crease  of  the  wheat  contained  dirt  of 
some  sort,  and  endeavours  were  made  to  split  the  berry 
down  the  crease  on  the  first  break.  For  this  purpose 
many  kinds  of  machines  were  introduced,  and  many 
special  groovings  for  the  fii'st  break  rolls  were  tried. 
As  a  matter  of  fact,  the  best  that  could  be  done  was  to 
split  one  grain  in  ten  through  the  crease,  the  other 
nine  being  broken  across,  or  having  bits  chipped  off  in 
various  ways.  Generally  about  half  of  1  per  cent,  of 
dirty-looking  flour  was  extracted  at  the  expense  of  very 
considerable  trouble  and  machinery.  It  took  millers 
and  milling  engineers  quite  a  number  of  years  to  dis- 
cover that  it  was  they  themselves  and  not  nature  who 
made  the  dirty  flour  that  they  called  crease-dirt. 

Take  a  handful  of  flour,  and  a  handful  of  clean  wheat, 
mix  them  well  together  and  sift.  The  result  is  a  dirty- 
looking  flour,  for  the  wheat,  or  the  bran  of  the  wheat, 
will  stain  white  flour,  and  that  was  what  was  happening 
to  the  first  break.  The  lesson  has  been  of  great  value 
to  the  trade,  inasmuch  as  millers  discovered  the  power 
of  bran  to  discolour  flour  ;  and  machines  have  since 
been  ntroduced  to  extract  the  break  flour,  at  every 
break,  as  soon  as  it  is  made  and  before  it  is  churned 
round  with  the  broken  wheat  and  so  discoloured.     The 
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first   break  is   now  a  real  grnider,   and   frees   a   large 
percentage  of  the  endosperm. 

The  break  rolls  are  grooved,  or  fluted,  from  end  to 
end  with  flutes  the  shape  of  a  saw-tooth.  The  grooves 
are  not  cut  in  line  with  the  axis  of  the  rolls  but  slightly 
spiral,  so  that  the  grooves  do  not  interlock  with  the 
corresponding  grooves  on  the  other  roll  of  the  pair,  and 
further,  so  that  they  give  a  shearing  action,  somewhat 
after  the  manner  of  the  blades  of  a  pair  of  scissors.  The 
amount  of  the  spiral  of  the  flutes  has  a 
great  influence  on  the  work  done  by 
the  rolls,  and,  as  the  result  of  extensive 
tests,  are  now  cut  at  an  angle  of  15 
degrees  to  the  axis  of  the  roll.  The 
fluting — more  correctly  speaking,  the 
saw-tooth  edges  of  the  flutes — are  set  at 
an  angle  of  15  degrees  to  a  line  forming 
the  diameter  of  the  roll. 

All  these  rules  have  exceptions.  Some  fiims  use 
special  fluting  for  the  first  break,  while  using  the  ordinary 
saw-tooth  on  the  other  three.  Again,  at  times,  the 
forward  edges  of  the  teeth  are  in  a  direct  line  with  the 
diameter  of  the  roll,  giving  a  sharper  cutting  action. 
The  following  tables  give  the  number  of  flutes  per  inch, 
and  the  speed  of  the  rolls. 


Fast  Roll. 

Slow  Roll. 

Flutes. 

1st  Break 

400  revols.  per  niin. 

160  revols.  per  min. 

10  per  in, 

2nd     „ 

400       „ 

160 

14       „ 

3rd     „ 

400       „ 

160       „ 

18       „ 

4th     „ 

480 

160       „ 

26       „ 

The  difference  in  the  speed  of  the  two  rolls  gives  the 
necessary  grinding  action,  and  is  called  the  differential. 
Thus  the  first  three  breaks  have  a  differential  of  2^  to  1. 
The  difference  is  obtained  by  means  of  gears,  running 
in  oil  tight  cases.     CHher  means  have  been  tried,  such 
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as  driving  each  roll  with  a  separate  belt,  but  in  this  case 
there  is  always  the  danger  of  one  belt  slipping  and  the 
differential  being  lost.  The  flutes  on  the  slow  roll 
travel  backwards,  thus  presenting  their  cutting  edge 
to  the  cutting  edge  of  the  flutes  of  the  fast  roll,  which 
face  the  direction  of  travel.  The  superior  speed  of 
the  fast  roll  seeks  to  carry  the  flake  through  at  its  own 
velocity,  but  the  sharp  edges  of  the  flutes  of  the  slow 
roll  resists  this,  so  that  a  grinding,  or  shearing,  action 
takes  place,  which  detaches  the  flour  particles  from  the 
bran. 

The  depth  of  the  flutes  form  a  recess  into  which  the 
semolina  falls,  and  thus  escapes,  without  being  reduced 
to  flour.  The  depth  of  the  flutes,  therefore,  decides 
to  a  great  extent,  the  size  of  the  semolina.  For  that 
reason  the  flutes  are  larger  on  the  first  break,  and  here 
the  largest  semolina  is  produced.  Gradually,  as  the 
wheat  is  broken  down  and  smaller  pieces  have  to  be 
dealt  with,  smaller,  and  therefore  shallower  flutes  are 
used,  those  on  the  last  break  having  only  to  scrape,  or 
shear,  the  last  particles  of  the  endosperm  off  the 
bran. 

In  the  early  days  of  roller-milling  very  heavy  feeds 
were  rushed  through  the  rolls,  but  it  is  now  understood 
that,  to  obtain  the  best  results,  ample  roll  surface  must 
be  allowed.  The  standard  diameter  for  rolls  is  10  in., 
though  other  sizes  are  used.  The  length  of  the  break 
rolls  is  anything  up  to  60  in.  A  pair  of  60  in.  rolls  have 
a  contact  of  60  in,  and  the  length  of  contact  is  always 
reckoned  in  estimating  the  capacity  of  these  machines. 

Technically  this  contact  is  spoken  of  as  the  roller 
surface,  really  the  length  of  roller  surface.  The  break 
system  should  have,  at  least,  40  in.  of  roller  surface, 
per  sack  of  flour  per  hour,  manufactured.  Often  as 
much  as  44  in.  or  45  in.  is  allowed.     This  is  divided 
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about  as  follows  :  First  break,  10  in.  ;  second  break 
14  in.  ;  third  break,  12  in.,  and  the  fourth  break,  8  in. 
When  the  whole  wheat  goes  to  the  first  break  there  are 
comparatively  few  pieces,  but  when  they  are  broken 
up  on  the  first  break  they  cover  far  more  surface  than 
the  original  wheat,  thus  more  roll  surface  is  allowed  on 
the  second  break,  the  object  being  to  pass  the  particles 
through  the  rolls  in  a  thin  even  stream,  or  layer,  and 
not  in  a  layer  of  pieces  two  or  three  deep.  So  much  of 
the  wheat  has  been  extracted  by  the  time  the  residue 
reaches  the  third  break  that  less  surface  is  required,  and 
on  the  fourth,  as  only  the  bran  is  left  with  a  little 
endosperm  attached,  still  less  surface  is  required. 

The  following  table  gives  the  average  extraction  of 
stock  on  each  break. 


Percentage. 

Percentage. 

1st  break 
2rKl      „ 
3rd       „ 
4th       „ 

20%  of  stock  extracted 

50% 

40% 

12% 

20%  extracted  from  wheat, 
40% 
16% 
3% 

The  first  column  of  percentages  refers  to  the  quantity 
of  stock  extracted  from  the  actual  feed  going  to  the  roll ; 
the  last  to  the  quantity  extracted  from  the  original 
wheat.  If  to  this  last  be  added  the  21  per  cent,  of 
finished  bran  and  waste,  we  have  the  100  per  cent.  = 
the  original  wheat.  These  percentages  of  extraction, 
or  in  flour  mill  language  "  release,"  are  often  departed 
from,  some  systems  releasing  more  on  the  first  break, 
while  others  may  leave  more  for  the  third  break  to  do. 
The  matter,  somewhat,  depends  on  the  sort  of  wheat 
being  ground,  and  its  condition. 

The  usual — the  almost  universal — pattern  of  mill  is 
the  four-roller  miU  ;  i.e.,  one  frame  containing  two  pairs 
of  rolls.     These  are  made  of  three  types — 
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The  horizontal,  having  all  four  rolls  in  a  horizontal 
plane. 

The  vertical,  having  one  roll  of  a  pair  immediately 
above  the  other. 

The  diagonal,  having  the  rolls  at  an  angle  of  45  degrees 
to  each  other,  or  half-way  between  the  vertical  and 
horizontal. 

The  horizontal  rolls  take  up  a  considerable  amount 
of  floor  space,  and  are  not  too  easy  to  adjust. 

The  vertical  occupy  the  least  floor-space,  but  it  is  not 
very  easy  to  deliver  the  feed  into  the  "  nip  "  of  the  rolls, 
or  to  examine  them  when  at  work. 

The  diagonal  pattern  has  none  of  the  disadvantages 
of  the  other  types,  while  possessing  all  their  good  points, 
in  addition  to  a  number  of  its  own. 

The  feed  hopper  can  be  brought  low  down  between 
the  upper  rolls,  and  the  feed  rolls  set  to  deliver 
the  feed  right  into  the  "  nip  "  of  the  grinding  rolls. 
The  ground  material  can  be  examined  readily,  and  the 
rolls,  owing  to  their  relative  positions  to  each  other, 
admit  of  easy  and  very  accurate  adjustment.  The 
construction  of  the  frame  and  hopper  allows  of  the  use 
of  appliances  to  extract  the  break  flour  immediately  it 
is  made. 

A  modern  roller  mill  is  built  in  a  strong,  rigid  iron 
frame,  that  prevents  vibration,  and  carries  the  bearings 
and  adjustments  without  strain.  The  bearings  are  long 
and  self-oiling.  The  rollers  themselves  are  made  of 
chilled  cast  iron,  and  mounted  on  steel  spindles,  which 
are  forced  in  by  hydraulic  pressure,  and  the  rolls 
are  turned  up  on  their  own  spindles. 

The  top  roll  of  the  pair  is  the  fast  one,  and  is  driven 
by  belting  which  must  be  of  ample  width  and  strength. 
The  lower  roll  is  the  slow  roll,  and  is  driven,  or  rather, 
its  speed  is  determined,  by  a  pair  of  differential  gear 
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wheels  connecting  its  spindle  with  that  of  the  fast  roll, 
at  the  other  end  from  the  driving  pulley.  The  slow 
roll  is  the  adjustable  roll,  being  brought  up  to  the  fast 
roll  by  means  of  levers  and  hand  wheels. 

The  rolls  of  a  pair  must  be  kept  parallel,  or  they  will 
not  grind  evenly  their  whole  length,  and  a  means  of 
adjustment  is  often  provided  for  this  purpose. 

As  modern  milling  is  a  continuous  process,  and  the 
material  flows  automatically  from  one  machine  to 
another,  it  is  necessary,  while  having  an  appliance  that 
will  spread  the  feed  evenly  the  whole  length  of  the 
grinding  rolls,  to  have  it,  at  the  same  time,  self-acting 
so  that  it  will  take  and  pass  all  feed  that  comes  to  it. 
For  this  purpose  a  hopper  is  provided  the  same  length 
as  the  rolls.  The  front  of  the  hopper,  or  feed  gate,  is 
hinged  at  the  top  and  kept  closed  with  a  spring.  As 
the  hopper  fills  with  stock,  the  weight  of  its  contents 
tends  to  push  the  gate  open.  The  spring  is  adjusted 
so  that  it  keeps  the  feed  gate  closed  till  the  stock  has 
spread  the  extreme  length  of  the  hopper,  when  it  opens 
sufficiently  to  allow  stock  to  escape,  and,  if  the  quantity 
of  stock  coming  increases,  its  weight  opens  the  gate 
sufficiently  to  let  it  pass  through.  The  bottom  edge  of 
the  gate  rests  against  a  revolving  feed  roll  of  small 
diameter,  which  assists  the  feed  to  flow  out  under  the 
edge  of  the  gate  in  an  even  stream.  A  second  feed  roll, 
just  in  front  of,  and  a  little  lower  than,  the  first,  helps 
to  spread  the  stock  more  evenly,  and  in  a  thinner 
stream,  as  it  runs  considerably  faster  than  the  first 
feed  roll,  and  delivers  the  material  to  be  ground  into  the 
nip  of  the  grinding  rolls  at,  approximately,  the  same 
speed  as  that  at  which  they  are  revolving.  The  feed 
gate  can,  if  required,  be  set  in  a  fixed  position  to  allow 
an  unchanging  quantity  to  pass.  This  is  generally 
done    when   several   machines   are   grinding   the   same 


74  WHEAT 

stock,  one  feed  gate  only  of  the  group  being  left  to 
work  automatically. 

An  adjustment  at  each  end  of  the  slow  roller  allows 
the  rollcrman  to  set  the  rolls  to  grind  evenly  at  each 
end — and  so  along  their  whole  length — and,  to  adjust 
the  degree  of  fineness  required,  by  bringing  the  bottom 
roll  up  as  near  to  the  top  roll  as  is  necessary  for  the 
particular  stock  it  is  working  on. 

When  stopping  the  machines,  one  lever  will  throw 
both  ends  of  a  pair  of  rollers  apart,  and  at  the  same  time 
stop  the  feed.  When  starting  it  again,  replacing  the 
lever  in  its  original  position  starts  the  feed,  and  sets 
the  rollers  grinding  to  the  same  degree  of  fineness  as 
before. 

An  automatic  flour  mill  is,  in  practice,  one  huge 
machine,  of  which  each  individual  appliance  is  a  unit, 
and  every  unit  must  do  its  proper  share  of  work,  and  the 
satisfactory  results  given  by  each  unit  depenrl  largely 
on  those  preceding  it  having  done  their  share.  For 
instance,  if  the  fourth  break  were  not  properly  cleaning 
the  bran,  it  does  not  follow,  of  necessity,  that  the  fault 
is  with  it.  Either  of  the  three  previous  breaks  may  not 
be  doing  its  full  share,  thus  leaving  more  work  for  the 
fourth  than  it  should  have  to  do.  On  the  other  hand, 
if  the  first  three  breaks,  or  any  of  them,  were  doing  too 
much,  there  would  not  be  sufficient  left  for  the  last  to 
do,  and  it  would  be  cutting  up  the  bran,  instead  of 
cleaning  it. 

Grinding  is  the  miller's  art,  and  no  amount  of  dressing 
machinery,  or  purification  will  annul  the  rollerman's 
bad  work,  or  the  bad  work  of  rolls  that  may  be  out  of 
truth,  or  working  with  dull  flutes,  owing  to  long  wear. 
It  is  the  rollerman's  place  to  grind  the  stock,  and  it  is 
his  fault,  as  a  rule,  if  it  is  badly  done.  If  the  condition 
of  the  rolls  is  to  blame,  it  is  still  his  fault  if  he  has  not 
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discovered  the  cause  of  the  trouble,  and  reported  to 
head-quarters.  Rolls  not  overloaded  should  run  for 
from  one  to  two  years,  but  a  great  deal  depends  on  their 
handhng,  and  the  condition  of  the  wheat  used.  If  the 
wheat  stoner  is  not  extracting  aU  the  stones  these  will 
soon  spoil  the  fluting,  and  cause  other  troubles.  Newly- 
fluted  rolls  are  generally  too  sharp,  and  require  several 
weeks'  work  before  they  give  the  best  results.  If, 
however,  the  fluting  is  badly  worn,  the  rolls  begin  to 
crush  the  wheat  instead  of  grinding  it,  and  more  break 
fiom"  and  less  semolina  is  made.  The  depth  of  the 
flutmg  forms  a  refuge  for  the  semolina  while  passing  the 
point  of  contact,  and,  if  the  fluting  has  worn  shallow, 
then  the  semolina  is  crushed,  more  of  it  is  made  into 
break  flour,  and  what  escapes  is  small,-  of  a  bad  shape 
and  difficult  to  purify,  and  there  is  a  lowering  of  both 
the  quantity  and  quality  of  patent  flour.  The  desid- 
eratum is  to  make  the  largest  possible  percentage  of 
semolina  and  middlings,  and  these  are  produced  by 
the  first  and  second  break  rolls  which  are  coarsely  fluted. 
The  third  and  fourth  break  flutes  are  too  fine  to  make 
large  semolina. 

Scalping. — Scalping  is  the  technical  term  applied  to 
the  sifting  process  between  each  break  for  the  separation 
of  the  chop — i.e.,  the  break  flour,  dunst,  middhngs  and 
semolina — from  the  broken  wheat  and  bran.  This 
process  has  had  more  attention  given  to  it  of  late  years 
than,  perhaps,  any  other  operation  in  the  mill  proper, 
and  many  improvements  have  been  introduced.  Origin- 
aUy  the  scalping  was  generally  done  on  hexagonal  reels. 
The  fii"st  break  scalper  is  clothed  No.  18  ware,  and  all 
the  broken  stock  from  the  first  break  goes  to  it.  The 
chop  passes  through  the  meshes  of  the  wii"e  cover,  while 
the  broken  wheat  tails  over  and  goes  to  the  second 
break.     The  second  break  scalper,  clothed  No.  20  wire. 
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performs  the  same  kind  of  operation,  the  overtails  going 
to  the  third  break.  The  third  break  scalper  is  clothed 
No.  24  or  26  wire,  and  the  overtails  go  to  the  fourth  break. 
The  fourth  break  stock,  usually,  goes  to  a  centrifugal 
dressing  machine  clothed  with  No.  36  wire,  and  the  bran 
(overtails)  from  the  centrifugal  goes  to  the  bran  sack. 
Later  it  was  discovered  that  a  better  separation  and 
better  stock  was  obtained  by  scalping  through  centri- 
fugal dressing  machines.  Though  the  centrifugal  flour 
dresser  is  described  later,  it  might  be  mentioned  here 
that  it  has  a  circular  reel  with  fast-running  blades  inside 
it,  which  assists  the  stock  to  pass  quickly  through  the 
meshes  of  the  cover.  For  scalping  purposes,  a  centri- 
fugal fed  at  both  ends  and  discharging  the  overtails 
at  the  centre  of  its  length  is  used,  the  object  being  to 
give  a  short,  quick  travel,  with  sufficient  force  to  make 
a  clean  separation.  This  system  of  scalping  is  still 
largely  in  vogue  in  spite  of  many  new  systems  and 
machines. 

Roll-Hopper  Scalping. — Messrs.  Henry  Simon,  Ltd., 
with  a  view  to  the  prevention  of  contamination  of  the 
break  flour,  by  churning  it  up  with  the  broken  wheat  in 
an  ordinary  reel,  or  centrifugal  scalper,  adopted  a  plan 
of  fixing  sieves  inside  the  break  roll  hoppers  in  such  a 
manner  that  the  stock  coming  from  the  "  nip  "  of  the  rolls 
falls  directly  on  a  narrow  sieve,  running  the  full  length 
of  the  rollers,  and  set  at  such  an  inclination  that  the 
stock  slides  down  it.  A  strong  exhaust  draws  a  current 
of  air  through  the  sieve,  carrying  the  break  flour  with  it. 
The  flour  is  trapped  inside  the  hopper  and  is  spouted 
away  for  further  dressing,  while  the  air  passes  away 
to  the  fan.  The  current  of  air,  besides  helping  the  flour 
through  the  meshes  of  the  sieve,  also  keeps  the  rolls 
cool,  and  carries  away  any  humidity  that  may  arise  in 
grinding. 
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The  coarse  stock,  falling  over  the  edge  of  the  first 
sieve,  falls  upon  a  second  sieve  set  at  right  angles  to  it. 
This  is  formed  of  wire,  of  a  mesh  suitable  to  the  particular 
break  it  is  scalping.  Travelling  down  this  sieve  the 
broken  wheat  is  freed  from  semolina,  and  other  particles 
of  endosperm,  which  are  spouted  away  to  be  graded  for 
the  purifier.  An  exhaust,  drawn  through  this  lower 
sieve,  carries  off  light  branny"  flakes  that  have  been 
detached  from  the  wheat  berry  in  the  progress  of  grinding. 
The  broken  wheat,  tailing  over  the  second  sieve,  falls 
direct  to  the  next  break  machine.  A  gentle  knocking 
action,  by  means  of  a  cam,  keeps  the  meshes  of  the  sieves 
clean.  To  save  abrasion,  and  the  making  of  attrition 
flour,  the  break  rolls  in  this  particular  system,  instead 
of  being  all  placed  on  the  first  floor,  are  fixed,  each  on  a 
separate  floor,  so  that  the  stock  can  fall  direct  from  one 
break  to  the  next,  without  the  intervention  of  elevators, 
or  convej'ors,  as  are  required  when  all  the  roller  mills 
are  on  one  level. 

Some  other  firms  use  various  forms  of  sieves,  inside 
the  roll  hopper,  to  extract  the  break  flour  as  soon  as  it  is 
made. 

Pneumatic  Scalping. — Messrs.  Thos.  Robinson  &  Son, 
of  Rochdale,  some  years  ago  introduced  a  now  much 
used  machine  called  a  Cyclo-Pneumatic  separator,  for 
extracting  the  break  flour,  without  the  use  of  sieves.  A 
fan  is  mounted  on  a  veitical  hollow  spindle.  The  whole 
of  the  break  stock  from  a  break  is  fed  into  this  machine 
through  the  hollow  spindle,  and  falls  upon  a  rapidly 
revolving  saucer  which  throws  it  off  in  an  even  circular 
spray  over  the  mouth  of  a  funnel.  The  fan,  drawing  a 
current  of  air  up  through  the  spray,  carries  off  the  break 
flour  while  the  broken  wheat,  semolina,  etc.,  falls  into 
the  funnel,  and  is  spouted  out  of  the  machine.  The 
break  flour,  passing  through  the  fan,  is  blown  into  an 
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expansion  chamber  at  the  side  of  the  machine  where, 
owing  to  baffle  boards  round  which  the  air  passes, 
most  of  it  is  deposited,  and  falls  into  a  worm.     The  air, 
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and  the  hghtest  flour,  pass  back  into  the  cyclonic  hopper 
of  the  main  part  of  the  machine  in  which  the  air  whirls 
round  ;  the  centrifugal  action  thus  set  up,  throws  the 
flour  against  the  conical  sides  of  the  hopper,  down  which 
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it  slides  into  the  worm  below.  The  cleaned  air  passes 
over  the  edge  of  the  funnel  again,  taking  with  it  a  fresh 
load  of  break  flour  fiom  the  spray  of  material,  and  thence 
to  the  fan.  Thus  a  continual  flow  of  the  same  air  is 
kept  up  in  the  machine,  which  in  its  endless  journey 
carries  away  break  flour,  deposits  it,  and  returns  to 
repeat  the  operation.  No  air  enters  or  leaves  the 
machine  while  it  is  at  work.  The  break  stock,  less  the 
break  flour,  after  it  leaves  the  cyclo-pneumatic,  is  passed 
over  sifters  which  separate  the  semolina  and  middlings 
from  the  broken  wheat,  the  former  being  graded  and 
sent  to  the  purifiers,  and  the  latter  to  the  next  break 
rolls. 

Messrs.  Samuelson  &  Co.,  of  Banbury,  make  a  some- 
what similar  cyclonic  separator,  minus  the  side  expan- 
sion chamber,  the  whole  separation  being  made  by  the 
cyclonic  action  of  the  air  in  the  machine. 

Plansifter  Scalping. — Plansifter  scalping  is  done  on  a 
machine  so  called,  which,  owing  to  the  number  of  its 
super-imposed  sieves,  is  able  to  scalp  the  break  stock, 
dress  out  the  break  flour,  and  grade  the  semolina,  etc., 
ready  for  the  purifiers,  all  in  one  continuous  process. 
This  machine  is  described  with  the  dressing  machinery 
later  in  this  book. 

Enough  sifting  surface  must  be  provided  to  ensure  all 
the  freed  endosperm  ("  chop  ")  being  separated  from 
the  broken  wheat,  and  a  means  of  keeping  the  meshes 
of  the  scalper  sieves  clean  is  essential.  If  the  mesh 
becomes  blocked,  or  the  sifting  surface  is  insufficient, 
semolina  will  tail  over  to  the  next  break  with  the  broken 
wheat,  overload  the  rolls  and  be  reduced  to  break  flour 
and  contaminated.  If  the  mesh  of  the  scalper  cover  is 
too  coarse,  small  broken  wheat  will  pass  through  and 
escape  the  next  break,  while,  if  the  surface  is  too  great, 
an  unnecessary  amount  of  friction  is  set  up,  which  will 
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scour  branny  particles  off  the  broken  wheat,  and  they, 
joining  the  chop,  will  be  difficult  to  separate  again. 
The  most  modern  types  of  scalpers  are  designed  to  per- 
form their  function  in  the  gentlest  possible  manner,  so 
that  they  shall  not  produce  attrition  flour  from  the 
semolina  by  severe  action,  nor  scour  "  beeswing  "  off 
the  bran,  to  contaminate  the  chop. 

In  large  plants  it  is  usual  to  devote  a  section  of  the 
scalper  to  grading  the  broken  wheat,  for  the  next  break, 
into  two  sizes,  the  coarse  going  to  one  pair  of  rolls,  and 
the  fine  to  another.  It  is  hardly  necessary  to  say  that 
this  can  only  be  done  where  there  are  two  or  more  pairs 
of  rolls  on  each  break.  The  rolls  grinding  the  fine 
broken  wheat  have  finer  flutes  than  those  grinding  the 
coarse.  One  rule,  which  is  mostly  exceptious,  is  that 
the  fine  flutes  are  the  same  as  the  coarse  flutes  on  the 
next  break.  Thus  the  fine  side  of  the  second  break 
would  have  eighteen  flutes  per  inch,  i.e.,  the  same 
number  as  the  coarse  side  of  the  third  break,  while  the 
fine  side  of  the  third  break  would  have  twenty-six  flutes 
per  inch  the  same  as  the  fourth  break. 

Occasionally  the  wheat  is  graded  into  two  sizes,  when 
the  first  break  is  done  on  two  pairs  of  rolls.  In  this  case 
the  large  wheat  is  broken  with  ten  to  the  inch  flutes,  and 
the  fine  with  twelve  to  the  inch.  This,  however,  is 
seldom  done  now. 

It  might  be  thought  from  the  foregoing  that  there  are 
many  systems  of  roller  milling,  but  in  reality  this  is  not 
so,  though  there  are  a  number  of  different  ways  of 
carrying  out  the  system  of  gradual  reduction  which  is 
still,  and  probably  always  will  be,  in  a  state  of  evolution. 
Put  as  briefly  as  possible,  modern  roller  milling  is  a 
system  of  gradual  reduction  with  an  elimination  of 
impurities  at  every  stage  of  the  process,  impurities  in 
the  present  case  being  the  outer  skin  of  the  wheat  berry, 
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and  fibrous  indigestible  matter  contained  in  it.  One 
miller  may  run  his  rolls  faster  than  another  does,  or  he 
may  have  more  or  fewer  flutes  to  the  inch  on  any  particu- 
lar break  roll.  He  may  scalp  on  a  vibrating  sieve,  or  on 
a  centrifugal  reel.    These  are  all  means  to  an  end.    All  aim 
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at  the  same  goal,  which  is  the  extraction  of  the  pure  endo- 
sperm from  the  wheat  in  the  largest  possible  pieces,  so 
that  they  may  purify  it  with  air  currents,  lifting  out  the 
minute  particles  of  fibrous  matter,  and  then  further 
grind  it  to  pure  flour  by  means  of  smooth  rolls,  which 
latter  process  is  called  technically  the  reduction  system, 
as  distinguished  from  the  already  described  break 
system. 


CHAPTER  VII 

MACHINES    USED   IN   THE    REDUCTION    SYSTEM 

Before  describing  the  reduction  and  purifier  systems, 
it  will  perhaps  be  as  well  to  describe  the  various  machines 
used. 

Reduction  Rolls. — Reduction  roller  mills  are  of 
exactly  the  same  pattern  as  the  break  rolls,  with  the 
exception,  that  the  actual  rolls  are  seldom  made  moie 
than  40  in.  long.  The  rolls  are  generally  smooth,  but 
finely  fluted  rolls,  having  from  eighty  to  120  flutes  to 
the  inch,  arc  used  by  some  millers,  and  are  fast  gaining 
favour  in  the  trade.  Smooth  rolls  have  simple  scrapers 
fixed  to  the  frame,  and  pressed  gently  against  each  roll 
to  prevent  flour  from  sticking  to  them,  and  being  carried 
round  and  round,  as  considerable  pressure  is  required  in 
reducing  middlings  to  flour.  Fine  fluted  reduction  rolls 
are  fitted  with  a  brush  for  the  same  purpose.  The 
differential  is  very  much  less  than  in  the  case  of  the 
break  rolls,  being  five  to  four,  the  fast  roll  running 
at  about  250  revolutions  per  minute,  and  the  slow  one 
at  200.  These  are  the  speeds  of  10  in.  rolls.  Smaller 
diameter  rolls  run  faster,  to  give  them  about  the  same 
periphery  speed. 

Wlien  it  is  realised  that  the  distance  between  smooth 
rollers,  when  grinding,  is  only  the  thickness  of  a  particle 
of  flour,  it  will  at  once  be  seen  that  they  must  be  dead 
true  from  end  to  end,  and  perfectly  parallel  one  to  the 
other,  to  grind  evenly  their  whole  length. 

The  reductions — from  two  to  fourteen  it  may  be, 
according  to  the  size  of  the  plant — are  lettered  alphabeti- 
cally.    The  first  reduction  "  A,  "  and  soon.     This  does 
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not  mean  that  all  or  any  of  the  stock  is  possibly  rolled 
fomteen  times.  It  is  grouped  in  grades  according  to  the 
number  of  reductions,  but  every  miller  knows  exactly 
what  sort  of  stock  goes  io  the  "  C  "  rolls,  and  what 
goes  to  the  "  F  "  rolls,  and  so  on,  in  an  averaged-sized 
plant. 

Two  reductions  are  called  "  scratch  "  reductions,  the 
rolls  of  which  are  fluted  28  to  36  to  the  inch,  and  are 
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used  to  free  semolina  from  bits  of  adhering  bran,  or  to 
scrape  endosperm  off  bran  particles  that  have  been 
broken  small  enough  to  pass  through  the  mesh  of  the 
scalpers.  They  are  always  lettered  "  X  "  and 
"  Y." 

Any  reduction  may  have  two  or  more  pairs  of  rolls, 
according  to  the  capacity  required.  It  is  usual  to  allow 
60  in.  to  65  in.  of  smooth  roll  surface  per  sack  of  flour 
per  hour,  and  8  in.  of  scratch  surface. 

Centrifugal    Dressing. — A    centrifugal    dressing-reel. 
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usually  callecl  simply  a  centrifugal  by  millers,  consists 
essentially  of  a  slowly  revolving  reel  inside  of  which  are 
rapidly  revolving  beaters. 

These  machines,  as  a  natural  sequence  to  the  width 
of  the  silk  with  which  they  are  clothed,  are  always  so 
many  sheets,  or  half-sheets,  of  silk  long,  and  a  centri- 
fugal reel  2  metres  long  (roughly  80  in.)  is  called  a  two- 
sheet  centrifugal ;  one  100  in.  long,  being  known  as  a 
two  and  a  half-sheet  centrifugal.  They  are  built  in 
various  sizes  from  one  sheet  to  three  sheets  in  length, 
the  latter  being  the  largest  in  general  use.  The  reel  may 
be  cyhndrical,  or  polygon  shape,  the  latter  being  the 
more  modern.  The  beaters  are  thin  blades,  usually 
five  to  eight,  of  mild  steel,  the  length  of  the  reel,  and 
carried  on  arms  attached  to  a  central  shaft,  which  shaft 
passes  through  the  ends  of  the  reel.  The  beaters  are 
notched  on  the  outer  edge,  and,  by  twisting,  more  or  less, 
the  fingers  thus  formed,  the  travel  of  the  stock  along 
the  inside  of  the  reel  can  be  accelerated,  or  retarded. 
A  reel  30  in.  diameter  runs  at  twenty-five  revolutions  a 
minute,  while  the  internal  beaters,  travelling  in  the  same 
direction,  run  at  200.  Centrifugal  reels  are  constructed 
of  various  diameters.  The  machine  is  enclosed  in  a 
dust-tight,  hoppercd,  wood  case,  with  a  worm  conveyor 
running  in  the  bottom  of  the  hoppering  to  collect  the 
"  throughs,"  and  deliver  at  any  required  point  in  its 
length. 

Silk  Bolting  Cloth. — The  silk  used  for  sifting,  or  dress- 
ing stock  in  a  flour  mill  is  specially  spun  and  woven  for 
the  purpose,  the  various  meshes  are  numbered  more  or 
less  arbitrarily  from  0000  to  25.  It  is  made  in  four 
strengths,  standard,  X,  XX,  and  XXX,  the  latter  being 
the  strongest  and  most  generally  used.  The  following 
table  gives  the  numbers,  and  corresponding  mesh,  of 
the  silks — 
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No.  of 
silk. 

Mesh  or  threads  per 

Mesh  or  threads  per 

lineal    inch    of 

lineal    inch    of 

Standard,  X  &  XX. 

XXX. 

0000 

18 

000 

23 

00 

20 

0 

38 

1 

48 

2 

54 

3 

58 

4 

62 

5 

66 

■6 

74 

70 

7 

82 

74 

8 

86 

82 

9 

97 

86 

10 

109 

97 

11 

116 

109 

12 

125 

116 

13 

129 

125 

14 

139 

129 

15 

150 

139 

16 

157 

150 

17 

163 

18 

166 

19 

169 

20 

173 

21 

178 

25 

200 

Nos.  9  and  10  are  the  coarsest  numbers  used  for 
dressing  finished  flour,  while  No.  15  is  the  finest  used, 
and  this  but  seldom,  Nos.  11,  12,  13  being  the  most 
general.  The  coarser  numbers  are  used  for  grading 
partly-ground  material.  The  extremely  fine  silks  are 
made  for  sifting  minerals  and  chemicals,  entirely  out- 
side of  flour  mining.  Treble  X,  it  will  be  noticed,  is 
tabled  as  having  fewer  meshes  to  the  inch  than  the  others. 
This  is  owing  to  the  fact  that,  the  threads  being  stouter, 
they  have  to  be  spaced  a  fraction  wider  apart  to  give 
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the  same  sized  mesh,  or  openings,  as  the  others.  All  the 
holes  are  perfectly  square. 

It  will  be  noticed,  further,  that  No.  6  is  the  coarsest 
XXX  number  woven.  If  a  coarser  number  is  required 
then  grit  gauze  is  used.  This  is  made  of  even  stouter 
silk  thread,  and  is  woven  in  numbers,  denoting  the 
number  of  threads  per  lineal  inch,  from  14  to  72,  increas- 
ing two  threads  to  the  inch  at  each  step,  e.g.,  14,  16,  18, 
20,  and  so  up  to  72.  These  close  numbers  are  necessary 
for  grading  semolina  and  middlings. 

When  speaking  or  writing  of  silk,  the  figures  from 
0000  to  15  are  always  understood  to  refer  to  the  arbi- 
trary numbers,  while  figures  from  16  upwards  refer  to 
grit -gauze  numbers.  Woven- wire  gauze  is  always 
numbered  in  the  same  way  as  grit-gauze,  though  the 
mesh  varies  from  2  to  260  meshes  to  the  lineal  inch. 

Purifiers. — Though  every  process  in  a  modern  flour 
mill  is  one  of  purification,  yet  the  term  is  technically 
applied  to  the  work  of  separating  branny  particles  from 
semolina,  middlings  and  dunst,  by  means  of  air  currents, 
and  the  machines  used  are  called  purifiers  or  sieve 
purifiers,  the  latter  term  being  used  to  distinguish  them 
from  gravity  purifiers,  which  were  another  type  of  machine 
used  for  the  same  purpose  at  an  earlier  period,  but  now 
practically  obsolete. 

The  essential  feature  of  the  modern  purifier  is  a  long 
narrow  reciprocating  sieve  clothed  with  silk,  or  grit- 
gauze,  down  which  the  stock  travels  in  a  thin  even 
stream.  A  steady  current  of  air,  induced  by  an  exhaust 
fan,  passes  up  through  the  meshes  of  the  silk,  and 
through  the  granular  stock,  lifting  out  the  impurities, 
technically  called  stive.  An  arrangement  of  tin,  or 
wood,  troughs,  fixed  above  the  sieve,  forms  a  resting-place 
for  the  heaviest  of  the  stive,  and  above  that  is  an 
expansion  chamber,  through  which  the  draught  travels 
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slowl}^  and  in  which  the  dust  is  deposited.  The  air 
passes  on  to  the  fan,  more  or  less  pure,  and  is  blown  out 
into  the  room,  or  into  a  filter  dust  collector.     The  sieve  is 
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clothed  with  four  different  meshes  of  silk,  the  finer  num- 
bers being  at  the  head  of  the  sieve.  The  chamber  above 
the  sieves  is  divided  into  four  sections  corresponding 
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to  the  different  silk  meshes,  and  the  strength 
of  the  air  current  passing  through  each  section  can  be 
regulated  by  valves  according  to  the  size  of  the  stock 
being  purified.  A  travelling  brush,  under  the  sieve, 
keeps  the  meshes  clean.  Originally  each  purifier  had  a 
fan  of  its  own,  but  now  it  is  not  uncommon  for  a  number 
of  purifiers  to  be  connected  by  air  trunks  to  a  large  fan 
Which  exhausts  from  them  all. 

Another  sieve  purifier  is  the  Air-belt  purifier,  which 
differs  from  the  above  type  inasmuch  as  the  air  is 
confined  within  the  machine,  and  after  passing  through 
the  fan  travels  back  down  below  the  sieve,  and  up 
through  it  again  to  the  fan  in  an  endless  stream.  The 
stive  is  trapped  by  special  devices  between  the  sieve 
and  the  fan,  so  that  the  air  is  practically  pure  when  it 
passes  from  the  fan  to  the  sieve  again.  Purifiers  gene- 
rally have  two  collecting  worms  under  the  sieve,  so  that 
any  portion  of  the  stock  may  be  "  cut  off  "  from  the 
rest,  and  sent  to  a  different  reduction  roll,  or,  if  necessary, 
be  repurified  on  another  machine. 

Plansifters. — ^The  plansifter  which  was  in  a  very  crude 
form  when  introduced  many  years  ago,  and  proved 
most  unsatisfactory,  both  on  account  of  its  mechanical 
defects,  and  the  difficulties  encountered  in  trying  to 
keep  the  meshes  of  the  sieves  clean,  has,  in  quite  recent 
years,  been  re-designed  and  is  now  able  to  challenge  the 
supremacy  of  the  centrifugal  as  a  grader  and  flour 
dresser.  As  the  name  implies,  the  sieves  are  on  a  plane, 
or  perfectly  horizontal,  the  stock  being  impelled  along 
the  surface  by  the  action  of  the  machine,  in  conjunction 
with  a  number  of  slats  projecting  over  the  silk. 

Vibration  was  the  great  trouble  with  the  original 
plansifters,  vibration  so  great  that  it  shook  the  machines 
themselves  to  pieces,  besides  shaking  the  buildings  they 
were    installed    in.       The    modern    plansifters    are    so 
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designed  and  balanced  that  there  is  absolutely  no  vibra- 
tion. They  are  not  even  rigidly  attached  to  the  building, 
being  simply  suspended  by  canes  from  the  underside 
of  the  floor  above  them. 

The  machine  consists  of  two  chests  of  oblong  sieves 
connected  by  an  iron  frame.  Between  the  two  chests 
are  bearings  in  which  a  cranked  spindle  works.  The 
crank  revolves  a  balance  weight  as  a  counterpoise  to 
the  sieves.  The  throw  of  the  crank  is  about  2  in.,  and 
the  balance-weight  keeps  the  spindle,  which  is  only 
suspended  from  above,  from  rocking,  while  the  sieves 
swing  through  a  small  circle  with  a  perfectly  smooth 
motion.  Another  make  of  these  machines  dispenses 
with  the  vertical  spindle.  The  driving  belt  runs  over 
two  guide  pulleys,  attached  to  the  frame  of  the  sifter, 
"direct  to  a  pulley  connected  with  the  balance- weight. 
Plansifters  are  built  with,  up  to,  twelve  sieves  in  each 
chest.  These  sieves  are  each  usually  divided  into  four 
sections,  though  sometimes,  for  small  mills,  they  are 
divided  each  into  six  sections.  The  sections  work  in 
pairs,  each  pair  having  a  tin  tray  under  it  to  catch  the 
throughs  and  deliver  them  to  the  head  of  one  of  the 
lower  sieves,  or  to  send  them  out  of  the  machine,  which- 
ever may  be  required.  Between  each  pair  of  sieves,  and 
its  collecting  tray,  is  a  triangular  brush,  with  bristles 
on  both  sides.  Through  one  angle  of  the  brush  is  fixed 
a  pin,  which  engages  in  two  slots,  one  in  the  underside 
of  the  frame,  between  the  pair  of  sieves,  and  the  other 
up  the  centre  of  the  tray.  The  set  of  the  bristles  in  the 
brush,  combined  with  the  swing  of  the  machine,  causes 
it  to  travel  continuously  forward  from  the  head  of  one 
sieve  section  along  under  the  silk,  round  the  tail  end 
of  the  two  sieves,  along  under  the  other  silk  section, 
round  the  head  end,  and  so  on  continuously. 

To  understand  the  technical  working  of  these  machines 
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it  must  be  clearly  understood  that  either  the  throughs 
or  overtails  of  any  sieve  can  be  sent  to  any  lower  sieve, 
or  spouted  out  of  the  machine  altogether.  Plansifters 
have  been  looked  upon  as  having  a  very  gentle  action  on 
the  stock  being  treated.  This  may  be  true  in  some 
respects,  but,  as  a  matter  of  fact,  they  have  a  most 
severe  sifting  action.  The  argument  against  them,  in 
England,  was,  that  they  would  not  dress  the  flour  from 
soft  native  wheats.  This,  however,  was  only  an  idea, 
as  is  proved  by  the  fact  that  these  machines  show  to 
better  advantage  when  working  on  the  soft  stocks  from 
the  last  reductions  than  anywhere  else  in  the  system. 
What  the  relative  advantages  of  plansifters  and  centri- 
fugals are,  has  been,  and  still  is,  too  debatable  a  matter 
to  be  dealt  with  here,  each  have  their  good  points,  and 
their  adherents.  One  of  the  chief  merits  of  the  plan- 
sifter  is  its  large  capacity,  as  compared  to  the  floor  space 
occupied.  Another  is  the  small  power  required  to 
drive  it. 

Detacher. — In  grinding  with  smooth  rolls,  there  is 
always  a  tendency  to  flake  the  stock,  especially  in  the 
lower  reductions  where  the  material  is  becoming  soft. 
When  wheats  contain  a  high  percentage  of  moisture, 
and  are  tough,  it  is  almost  impossible  to  avoid  flaking 
some  of  the  stock  and,  naturally,  flaked  stock  will  not 
dress  properly.  To  surmount  the  difliculty  the  detacher 
was  introduced.  It  consists  of  short  lengths  of  worm, 
or  short  propeller  blades,  in  a  cast  iron  chamber.  The 
material  is  fed  into  the  chamber  and  stirred  round  and 
forward  by  the  propeller,  and  forced  through  a  trap 
door,  which  is  kept  shut  by  a  spring,  till  the  force  of  the 
blades,  pressing  the  stock  against  it,  causes  it  to  open 
enough  to  let  it  through.  A  kind  of  gentle  rubbing 
action  is  introduced  which  disintegrates  the  flakes,  and 
the  stock  is  discharged  in  good  condition  to  dress  freely. 
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It  is  usual  to  fix  a  detacher  after  each  set  of  smooth 
rollers  and  a  by-pass  spout  is  provided,  so  that  the 
material  can  go  direct  to  the  dresser  without  passing 
through  the  detacher,  if  desired.  Probably  in  dry 
bright  weather  it  is  not  necessary  on  all,  or  even  any, 
of  the  reductions,  while  in  damp  weather  it  will  con- 
siderably assist  the  work  of  the  dressers,  and  so  maintain 
their  capacity,  and  the  quality  of  the  flour,  under  varying 
conditions.  The  power  required  to  drive  these  machines 
is  very  smaU. 


CHAPTER   VIII 

THE    REDUCTION    SYSTEM 

The  break  system  section  of  the  mill,  having  eliminated 
the  bran,  leaves  the  chop  to  be  further  dealt  with. 
Chop,  as  explained  before,  is  the  endosperm  as  broken 
from  the  bran  by  the  break  rolls,  and  separated  from 
it  by  the  scalpers.  It  consists,  in  flour  mill  phraseology, 
of  germ,  semolina,  middlings,  dunst,  and  break  flour, 
mixed  with  which  are  bran  snips,  bran  dust,  cell  walls 
of  endosperm,  and  other  fibrous  matter. 

Semolina  is  that  part  of  the  chop  that  will  pass, 
indeed,  has  passed,  through  18-mesh  wire,  but  is  too 
coarse  to  pass  through  40-mesh  grit  gauze.  It  can  be 
further  divided  into  coarse  and  fine  semolina. 

Middlings  pass  through  various  meshes  between 
40  grit  gauze  and  No.  7  silk.  They  may  also  be  sub- 
divided into  coarse  and  fine. 

Dunst  is  very  fine  middlings,  dressing  through  any 
numbers  between  No.  7  silk  and  the  actual  flour  silk. 

Greys  are  small  fibrous  impurities  in  flour  or  dunst. 

Grading  and  Dusting  Chop. — Presuming  a  mill  is 
worked  entirely  on  the  centrifugal  system,  the  chop 
from  the  first  and  second  break  scalpers — and  it  may  be 
from  the  third  also,  though  this  is  often  treated  sepa- 
rately— is  carried  to  a  centrifugal,  which  sifts  out  the 
finer  stock  through  No.  40  g.g.,  the  overtails  being 
semolina,  which  goes  to  the  semolina  purifiers.  The 
throughs  go  to  another  centrifugal,  which  is  clothed  with 
flour  silk  for  the  first  part  of  its  length,  and  with  No.  7 
silk  on  the  second  section.  The  fii'st  section  dresses 
out  some  of  the  break  flour.  The  second  section  lets 
through  dunst  and  remaining  break  flour,    while  the 
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middlings  are  tailed  over  to  the  middlings  purifiers. 
The  flour  from  the  first  sheets  go  to  the  sack,  while 
the  throughs  of  the  second  section  go  to  a  third  centri- 
fugal clothed  with  about  10  and  12  silk.  This  machine 
thoroughly  dusts  the  remaining  break  flour  out  of  the 
dunst,  which  can  then  go  to  the  proper  purifier,  the 
flour  going  to  the  sack. 

It  is  most  important  that  no  flour  should  reach  the 
purifiers.  In  the  first  place,  it  would  be,  more  or  less, 
canied  away  by  the  air  currents  with  the  stive,  and 
reach  the  offal  sack  instead  of  the  flour  sack.  In  the 
second  place,  it  would  load  up  the  purifiers  and  prevent 
that  free  passage  of  air  that  is  necessary  to  carry  off 
the  impurities. 

For  these  reasons,  it  is  imperative  that  the  chop 
dressing  and  grading  machines  should  be  well  up  to 
their  work.  They  can  be  duplicated,  or  triplica.ted,  to 
obtain  any  required  capacity. 

The  third  break  chop  is  of  much  poorer  quality  than 
that  from  the  first  and  second  breaks,  and,  for  this 
reason,  is  generally  dusted  and  graded  separately,  only 
the  very  best  of  the  middlings  ultimately  finding  their 
way  to  the  head  of  the  mill.  The  fourth  break  chop  is 
always  treated  by  itself,  as  the  middlings  are  very 
poor  and  specky,  and  only  fit,  even  when  purified  most 
carefully,  for  reduction  low  down  the  system.  The 
reason  for  the  third  and  fourth  break  chop  being  so 
poor  in  quality  is  because  all  the  best  of  the  endosperm 
is  extracted  on  the  first  and  second  breaks,  leaving 
little  for  the  last  two  breaks  to  do  except  clean  the  bran. 

Purification. — ^The  semolina  may  be  graded  into  two 
or  more  sizes  for  purification,  but  often  it  is  simply 
divided  on  to  the  two  sieves  of  a  double  purifier.  The 
advantage  of  this  is  that,  if  anything  goes  wrong  with 
one  sieve,  the  whole  feed  can  be  turned  on  to  the  other 
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for   a   short   time,   without   very   much   upsetting  the 
flow  of  the  mill. 

The  meshes  of  the  purifier  sieves  must  correspond  to 
the  meshes  of  the  covers  of  the  previous  machines 
that  the  stock  has  come  through,  and  tailed  over. 
Semolina  has  come  through  18-mesh  wire  on  the  scalpers, 
and  tailed  over  No.  40  grit  gauze  on  the  first  chop 
centrifugal,  and  consists  of  granuals  in  between  those 
numbers.  The  four  sections  of  the  purifier  sieve  might, 
therefore,  be  clothed  first  sheet  38  g.g.,  and  the  last 
one  18  g.g.  ;  the  two  middle  sheets  being  clothed  with 
as  nearly  intermediate  numbers  as  possible,  say,  32 
and  24.  This  would  give  the  numbers  38-32—24-18. 
The  feed,  coming  through  the  feed  gate,  falls  on  the  head 
of  the  sieve,  and,  travelling  over  the  38-mesh,  a  little 
pure  stock  falls  through  that  section.  At  the  same 
time,  the  air  cuiTent,  passing  up  through  the  sieve  and 
the  stream  of  the  feed,  lifts  impurities  out,  or  prevents 
them  passing  through  the  sieve.  On  the  next  section, 
a  slightly  stronger  draught  is  used,  owdng  to  the  size 
of  the  stock  being  generally  a  little  larger,  and  not  so 
easily  floated  off.  The  same  applies  to  the  remaining 
sections.  As  the  stock  is  sifted  through,  there  is  less 
to  travel  on  down  the  sieve,  and  so  stronger  air  currents 
are  needed  to  prevent  light,  branny  material  falling 
through,  ^^^ence  the  need  of  the  divisions  inside  the 
purifier.  Light  impurities  are  lifted  out,  and  deposited 
in  the  trays  and  expansion  chambers,  while  the  heavier 
ones  are  floated  over  the  tail  for  further  treatment. 
Each  purifier  sieve  is  suspended  by  four  adjustable 
hangers,  one  at,  approximately,  each  corner  of  the  sieve. 
The  angle  at  which  these  hangers  are  set  regulates  the 
speed  at  which  the  stock  flows  down  the  sieve.  They 
are  also  adjustable  to  lower  or  raise  either  side  of  the 
sieve,   to   enable   the   purifier-man  to   level  the  sieve. 
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If  it  is  not  level,  stock  will  travel  down  to  one  side 
of  the  sieve,  leaving  the  other  side  bare,  and  the  air  will 
rush  through  the  bare  patch,  instead  of  through  the 
stock  to  lift  out  the  impurities.  A  crank  shaft  across 
the  head  end  of  the  machine,  gives  a  backwards  and 
forwards  motion  to  the  sieve,  at  a  speed  of  about  450 
vibrations  per  minute.  The  tail  sheet  being  the  same 
mesh  as  the  semolina  had  previously  come  through, 
would  naturally  let  it  through  again,  but  the  air  current 
will  float  some  of  it,  with  light  bran  chips  attached, 
over  the  end  of  the  sieve.  If  the  throughs  close  to  the 
tail  are  not  pure  enough,  they  can  be  cut  off  into  the 
lower  worm,  and  sent  to  scratch.  The  feed  hopper 
and  feed  roll  of  a  purifier  are  almost  the  same  pattern  as 
that  on  a  roller  mill ;  their  duty  is  to  spread  the  feed 
into  a  stream  the  width  of  the  sieve,  but  only  one  feed 
roll  is  used. 

All  the  purifiers  work  exactly  on  the  same  system, 
and  tlie  stock  according  to  grade  then  goes  to  the 
reduction  rolls. 

The  purifier,  although  treating  the  unreduced  granular 
material  at  the  head  of  the  mill,  yet  makes  its  influence 
felt  all  down  the  system.  Certainly  it  improves  the 
quality  of  the  "  C,"  or  patent  flour,  by  eliminating 
fibrous  matter  from  the  middlings,  but,  if  that  matter 
were  not  extracted  at  the  head  of  the  mill,  it  would 
cause  serious  trouble  at  the  tail.  It  would  pass  through 
one  set  of  reduction  rolls  after  another,  contaminating 
the  flour  from  each  in  turn,  and,  being  gradually  reduced 
itself,  would  be  practically  impossible  to  separate 
from  the  last  reduction  flour.  In  addition  to  lowering 
the  quality  of  flours,  it  would  add  to  the  work  of  the 
various  rolls,  and  so  overload  them  and  prevent  them 
from  doing  their  correct  work.  Elimination  of  impur- 
ities at  the  earliest  possible  point  in  the  system  is  one 
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of  the  main  features  of  gradual  reduction.  Grinding 
impurities,  instead  of  getting  rid  of  them,  is  a  most 
costly  process.  It  is,  in  fact,  working  hard  to  spoil 
good  flour.  In  some  mills,  secondary  middlings  from 
the  cut-off  sheets,  or  overtails  of  certain  dressing 
machines,  are  purified  ;  but,  as  a  general  rule,  only 
break  or  primary  middlings  are  exposed  to  air  currents, 
as  when  they  have  been  through  smooth  rolls  once 
they  are  not  so  granular,  or  in  as  good  a  shape  for  the 
purifier,  as  those  direct  from  the  breaks. 

Reduction  Rolls. — "  A  "  and  "  B  "  rolls  are  at  what 
is  often  called  the  "  head  "  of  the  mUl,  and  the  whole 
aim,  so  far,  has  been  to  produce  the  greatest  possible 
amount  of  feed  for  these  rolls.  They  are  only  partly 
grinding  rolls,  their  real  duty  being  to  flatten  the  germ 
and  size  down,  or  crack,  the  semolina  to  get  it  into  the 
best  possible  shape  for  the  "  C  "  rolls.  The  "  A " 
rolls  reduce  the  semolina,  and  the  "  B "  roUs  the 
middlings,  to  a  smaller  size,  and  flatten  out  the  germ, 
most  of  which  is  to  be  found  in  the  semolina.  When 
a  number  of  pairs  of  rolls  are  used  on  "  A  "  and  "  B  " 
reductions,  the  stock  may  be  graded  to  them  according 
to  size,  and  often  those  taking  finer  stock  of  their  class 
are  numbered  "  A2  "  and  "  B2."  The  reduced  material 
from  these  rolls  is  dressed  through  dressers  numbered 
or  lettered  the  same  as  the  reduction  rolls.  Thus,  the 
stock  from  "  A  "  roll  is  dressed  through  "  A  "  centri- 
fugal, or  "  A "  plansifter,  and  so  on  all  down  the 
system. 

The  flour  from  "  A  "  and  "  B  "  reductions  is  very 
white,  but  is  mostly  starch  and  not  over  strong,  the 
gluten  being  chiefly  contained  in  the  granular  material 
that  is  passed  on  to  "  C  "  rolls.  "  A  "  centrifugal,  as 
also  "  B,"  has  to  make  three  separations,  and,  therefore, 
has  what  is  technically  called  a  tail  sheet,  or  cut-off 
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sheet.  The  two  first  sheets  are  11  and  12  silk  dressing 
out  the  flour,  which  goes  at  once  to  the  sack.  The 
throughs  of  the  tail  sheet,  No.  4  silk,  are  pure,  fine 
middlings  going  to  "  C  "  rolls,  and,  when  ground  and 
dressed,  yield  the  best,  or  patent,  flour. 

The  overtails  of  "  A  "  centrifugal  contain  flattened 
out  germ  and  branny  particles  that  had  adhered  to 
some  of  the  semolina.  No  middlings  that  will  not  pass 
through  a  No.  4  silk  should  be  sent  to  the  "  C  "  rolls. 
No  stock  that  has  not  been  treated  on  the  "  A  "  or 
"  B  "  reductions  should  go  to  "  C."  If  any  middhngs 
tail  over  "  A  "  centrifugal,  they  are  sifted  out  of  the 
overtails  and  sent  to  "  Bl  "  roll,  to  be  cracked  down, 
and  so  to  the  "  C  "  roll  with  "  B  "  centrifugal  tail  sheet 
stock.  The  overtails  of  "  A  "  and  "  B  "  centrifugals 
go  to  "  F  "  rolls  with  other  coarse  stock  of  the  same 
class  gathered  from  various  parts  of  the  system.  The 
overtails  of  the  semolina  and  middlings  purifiers,  and 
also  the  cut-offs,  arc  sent  to  the  scratch  rolls.  The 
best  of  this  stock  consists  of  wheat  chips,  or  pieces  of 
bran  with  semolina  and  middlings  attached,  and  this 
is  sent  to  "  X  "  rolls,  which  act  in  the  same  way  as 
break  rolls,  detaching  the  bran  particles  from  the 
adhering  endosperm,  making  as  little  flour  as  possible 
in  the  process.  By  careful  dressing  and  purification,  a 
useful  percentage  of  middlings  can  be  obtained  from 
this  reduction,  and  sent  to  the  head  of  the  mill.  The 
more  branny  stocks  from  purifier  tails  and  "  X  " 
centrifugal  go  to  "  Y  "  rolls. 

Fifty  per  cent,  of  the  roll  surface  should  be  allowed 
to  "  A,"  "  B,"  and  "  C  "  reductions,  and  40  to  50  per 
cent,  of  the  flour  should  be  produced  on  these  rolls. 

"  C  "  Rolls. — ^The  "  C  "  rolls  are  set  to  grind  as  close 
as  possible  without  injuring  the  stock,  or  flaking  it. 
The    middlings    have    been    prepared    carefully,    and 
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consist,  practically,  of  pure  flour  in  a  granular  form, 
and  the  granules  require  reducing  to  yield  the  largest 
percentage  of  flour  that  it  is  possible  to  release  at  one 
rolling.  Being  pure,  it  does  not  require  very  fine 
dressing,  and  the  "  C  "  centrifugal  can  be  clothed  10, 
11,  and  12  silk.  There  is  a  special  reason  for  clothing 
a  dressing  machine  finer  at  the  tail  than  at  the  head. 
The  full  load  of  feed  comes  on  to  the  head  sheet,  and 
the  finest  granules  of  flour  pass  through  first  and  easiest. 
As  the  bulk  in  the  cylinder  decreases,  the  sifting  action 
becomes  more  searching,  and  impurities  might  be 
forced  through  if  finer  silks  were  not  employed  where 
less  work  has  to  be  done.  By  clothing  finer  towards  the 
tail,  the  dressing  is  equalised,  and  the  throughs  freed 
from  specks,  all  the  length  of  the  machine. 

The  overtails  of  "  C  "  dresser  pass  to  "  D  "  reduction, 
where  they  are  joined  by,  and  ground  with,  other  stocks, 
such  as  the  best  of  the  fourth  break  middlings,  and 
dunst  from  the  cut-off  of  the  dunst  purifier,  which  were 
not  quite  good  enough  to  go  to  the  "  B  "  reduction. 
"  D  "  centrifugal  stock  has  some  impurities  which  may 
well  be  eliminated,  and  for  that  purpose  the  machine 
has  a  tail  sheet,  the  throughs  of  which  go  to  "  E,"  and 
the  overtails  are  sent  either  to  the  offal  sack  or  to  one 
of  the  lower  reductions,  "  F  "  or  "  J,"  which  are  grinding 
branny  stock.  The  impure  stocks  from  third  and  fourth 
breaks,  from  the  cut-offs  and  tails  of  purifiers,  are 
brought  in  on  the  lower  reductions  wherev&r  it  is  most 
suitable,  having  regard  to  the  stocks  and  the  impurities 
in  them.  Each  of  the  lower  reduction  centrifugals  has 
a  tail  sheet,  the  throughs  of  which  go  to  the  next 
reduction,  while  the  overtails  are  sharps,  which  go  to 
the  offal  sacks.  Thus,  three  separations  are  made  after 
each  reduction,  the  head  sheets  of  the  dressers  yielding 
flour,  the  last  sheets  dunst  for  the  next  reduction,  and 


100  WHEAT 

tailing  over  impurities  to  the  offal  sack.  If  the  germ  is 
required  as  a  separate  product,  it  is  sifted  out  from  the 
tailings  of  "  F  "  centrifugal  by  means  of  a  small  vibrating 
sieve.  The  germ  is  of  such  an  oily  nature  that  if  left 
in  the  flour  it  soon  becomes  rancid  and  spoils  the 
flour. 

Offals. — In  some  districts  it  is  necessary  to  have  an 
offal  grader,  to  which  all  offal  is  sent,  and  graded  into 
various  sorts  to  meet  the  market  requirements.  Bran 
is  frequently  sifted  into  two  sizes,  "  small  "  and  "  broad," 
and  rolled  through  smooth  rolls  to  broaden  it  out  and 
give  it  a  smooth,  silky  feel.  The  need  of  any  of  these 
ways  of  treating  offals  depends  on  the  custom  of  the 
districts  where  they  have  to  be  sold. 

The  Plansifter  System. — ^The  plansifter  system  of 
dressing  differs  in  several  details  from  the  centrifugal 
system.  Owing  to  the  number  of  sieves  in  a  nest, 
the  chop  dressing  and  grading  machines,  as  separate 
items,  are  non-existent.  The  top  sieves  scalp  the 
break  stock,  tailing  over  the  broken  wheat  to  the  next 
break,  and,  if  need  be,  grading  it  into  two  sizes.  The 
next  sieves  tail  over  the  semolina  in  one  or  two  grades. 
The  following  five  or  six  sieves  dress  out  the  break 
flour,  while  the  last  sieve,  or  sieves,  separate  the  dunst 
from  the  middlings.  It  may  be  necessary  to  further 
grade  the  stock  for  the  purifiers,  in  a  very  large  plant, 
over  a  special  grading  plansifter,  to  distribute  it  more 
evenly  to  a  number  of  purifiers.  It  may  be  taken 
that  four  to  six  stocks  can  be  treated  on  one  plansifter 
at  the  same  time  in  small  mills.  In  large  plants,  the 
whole  plansifter  can  be  used  on  one  stock,  or  half  or 
three-quarters  of  a  machine,  just  as  circumstances 
require.  As  flour  dressers  in  the  reduction  system,  they 
have  the  advantage  that  the  top  sieves  eliminate  the 
coarse  offals  first  thing,  so  that  they  do  not  pass  over 
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the  whole  sifting  surface  of  the  machine,  as  they  have 
to  do  in  a  centrifugal,  before  they  can  be  tailed  over. 
In  damp,  foggy  weather,  it  is  very  difficult  to  dress 
flour  properly,  as  the  meshes  of  the  silk  will  not  pass 
the  flour  so  freely  as  in  bright,  dry  weather.  The  only 
remedy  in  most  cases  is  to  reduce  the  feed,  so  that  the 
mill,  as  a  whole,  has  less  work  to  do,  and  the  dressers 
can  cope  with  the  work.  So  much  does  bad  weather 
affect  the  dressing  capacity  that  it  may  be  necessary, 
at  times,  to  reduce  the  feed  20  per  cent.,  or  even  25  per 
cent.,  to  prevent  flour  passing  with  the  dunst  to  the 
next  reduction  roll.  It  is  not  an  uncommon  thing  for 
millers  to  clothe  a  number  of  their  dressers  with  coarser 
silks  in  the  winter  months  to  minimise  this  trouble. 
With  plansifters,  it  is  possible  to  have  one  or  two  extra 
sieves — out  of  use  in  dry  weather — over  which  the 
stock  can  be  passed  in  damp  weather.  Another  feature 
of  this  machine  is  that,  owing  to  its  sifting  action,  the 
light  impurities  have  a  tendency  to  work  up  on  to  the 
top  of  the  stream  of  stock,  and  so  there  is  less  chance 
of  them  being  forced  through  the  meshes.  At  the  same 
time,  the  stock  that  is  required  to  pass  through  the 
sieve  works  down  to  it,  and  passes  through  more  freely, 
the  light  stock  not  being  next  the  silk  to  obstruct  it. 
To  this,  in  a  measure,  may  be  ascribed  the  large  sifting 
capacity  of  these  machines.  The  chief  difficulty  in 
connection  with  these  sifters  is  in  getting  at  any  of  the 
sieves  to  change  the  silk,  or  to  mend  holes  in  it.  The 
sieves  in  a  chest  are  all  nested  into  each  other  and 
clamped  together,  so  that,  to  get  at  one  of  the  lower 
sieves,  it  is  necessary  to  dismount  all  those  above  it, 
which,  of  course,  takes  some  little  time.  However, 
there  is  so  little  wear  on  the  silks  in  this  type  of  machine 
that  the  trouble  does  not  often  occur,  and  in  many 
cases  it  is  possible  to  divert  the  stock  and  run  on  till 
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the  week-end,  and  repair  or  change  the  silk  then. 
Only  one  section  of  a  reel,  or  centrifugal,  is  sifting  at 
a  time,  that  is,  the  rising  side  of  the  reel — the  descending 
side  is  nearly  idle,  as  practically  all  the  stock  is  on  the 
rising  side.  In  the  case  of  the  plansifter,  the  whole 
of  the  silk  surface  is  covered  with  stock,  and  at  work 
all  the  time. 

The  foregoing  relates  to  the  systems  in  medium-sized 
and  large  mills,  say,  those  having  a  capacity  of  anything 
between  four  sacks  of  flour  per  hour  and  fifty  sacks 
per  hour. 

Mills  having  a  larger  output  than  fifty  or  sixty  sacks 
of  flour  per  hour  usually  divide  their  machinery  into 
two  or  more  separate  plants,  though  there  are  one  or 
two  mills  in  England  having  a  capacity  of  100  sacks 
per  hour  or  over  on  a  single  plant.  The  objection  to 
such  excessively  large  plants  is  that,  if  anything  impor- 
tant breaks  down,  the  whole  plant  has  to  stop  till 
repairs  are  effected,  whereas,  if  there  are  two  plants 
installed,  each  of  half  the  total  capacity  required,  only 
half  the  output  is  cut  off  if  a  breakdown  occurs.  Another 
objection  is  due  to  the  insurance.  Premiums  increase 
from  the  base  charge  according  to  the  size  of  the  plant, 
so  that  the  insurance  charges  are  less  on  two  fifty 
sack  plants,  in  two  buildings,  than  on  one  100  sack 
plant,  in  one  building. 

Small  Mills. — Though  the  system  is  the  same,  in 
principle,  in  roller  mills  of  all  sizes,  yet  in  small  mills 
it  has  to  be  shortened  in  many  details.  In  the  smallest 
plant,  two  breaks  only  are  used,  followed  by  two 
reductions.  In  this  case,  the  first  break  rolls  have  to 
"  come  down  "  heavily  on  the  wheat  to  free  the  endo- 
sperm, doing  practically  the  work  of  the  first  and  second 
breaks,  leaving  the  second,  or  last,  pair  of  break  rolls 
to  clean  the  bran.     In  the  reduction  section,  the  first 
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pair  of  smooth  rolls  has  to  perform  the  duties  usually 
done  by  "  A,"  "  B,"  and  "  C  "  rolls,  while  the  second 
has  to  do  the  work  of  all  the  lower  reductions.  This 
they  can  do  very  successfully,  if  the  roll  surface  is  as 
long  in  proportion  as  in  larger  plants  with  more  breaks 
and  reductions. 

Two  pairs  of  20  in.  long  break  rolls,  followed  by  two 
pairs  of  30  in.  smooth  rolls,  producing  a  sack  of  flour 
per  hour,  would  have  40  in.  of  break  surface  and  60  in. 
of  reduction  surface  per  sack  of  flour  per  hour,  which  is 
about  equal  to  that  allotted  in  the  largest  mills. 
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In  some  small  mills,  having  three  or  four  breaks, 
one  of  the  last  breaks  is  made  to  do  the  scratch  roll 
work  as  well  as  to  finish  the  bran. 

Other  economies  are  made  in  the  number  of  machines, 
etc.,  without  materially  altering  the  system. 

There  is  one  rule  in  flour  milling  that  is  never  broken, 
and  that  is,  no  stock  must  ever  go  back  to  any  machine 
a  second  time.  All  stock  must  travel  forward  down 
the  system,  whether  the  system  be  a  long  or  a  short  one. 
There  must  be  no  "  returns,"  as  a  miller  would  say. 

The  Customs  Authorities,  in  recording  the  imports  of 
breadstuffs,  reckon  70  lb.  of  flour  as  100  lb.  of  wheat  : 
and  this  is  about  correct,  as,  in  a  general  way,  millers 
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make  70  per  cent,  of  flour  from  the  wheat  as  received 
by  them.  Some  wheats,  naturally,  will  yield  more 
flour  than  others,  but  70  per  cent,  is  a  very  good  average. 
The  flour,  when  made,  is  usually  divided  into  two, 
three,  or  more  grades,  according  to  the  market  require- 
ments of  particular  districts.  The  flour  from  "  C  " 
reduction  is  the  best  or  "  Patent  "  flour,  and  that  from 
each  of  the  other  dressers  varies  in  quality  ;  the  last 
reduction  being  the  poorest,  though  that  from  the 
fourth  break  runs  it  very  close.  Of  the  other  30  per 
cent,  of  the  wheat,  about  14  per  cent,  is  sharps  and 
16  per  cent.  bran. 


CHAPTER  IX 

AUXILIARY   APPLIANCES 

There  are  many  auxiliary  appliances  of  great  impoi- 
tance  in  a  flour  mill,  such  as  elevators,  conveyors,  air 
trunks,  exhaust  fans,  dust  collectors,  spouts,  etc. 

Elevators. — Elevators  are  required  to  carry  any 
stock  from  a  machine  on  a  lower  floor  to  one  on  a 
floor  above.  Usually,  machines  are  so  arranged  that 
the  stock,  once  carried  to  the  top  of  a  mill,  passes 
through  several  machines  on  its  journey  downwards, 
so  that  most  of  the  elevators  run  from  the  ground 
floor  up  into  the  apex  of  the  roof.  They  are  formed 
with  a  pulley  at  the  top,  and  another  at  the  bottom,  of 
a  width  of  face  and  a  diameter  suitable  to  the  quantity 
of  stock  to  be  elevated.  Round  these  pulleys  runs  an 
endless  belt,  usually  of  hemp  or  cotton  webbing. 
To  the  webbing,  at  regular  intervals,  are  attached 
buckets,  or  cans,  of  a  proper  shape,  and  the  whole  is 
enclosed  in  wooden  trunking  to  prevent  the  escape  of 
dust.  The  stock  is  spouted  into  the  bottom  part  of 
the  elevator,  carried  up  by  the  travelling  buckets,  and 
delivered  at  the  top,  whence  it  is  spouted  to  the  desired 
machine.  The  buckets  and  webbing  should  travel  at 
a  rate  of  about  280  ft.  per  minute,  as  at  this  speed 
the  buckets  best  discharge  their  load.  Usually,  when 
the  buckets  do  not  deliver  properly,  they  are  travelling 
too  fast,  though  it  may  be  that  they  are  too  slow. 

Spouts. — ^The  spouts  conveying  stock  in  a  flour  mill 
from  one  point  to  another  by  gravity  must  be  of  wood. 
If  they  are  made  of  metal,  moisture  will  condense  in 
them  and  clog  the  flow  of  the  material. 
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This  applies  to  all  machinery  in  a  flour  mill,  and,  for 
this  reason,  all  the  stationary  machinery  that  stock 
comes  in  contact  with  is  constructed  of  timber.     The 

casing  of  reels  and  purifiers, 
and  the  collecting  hoppers, 
are  built  of  wood,  and  the 
insides  of  roller  mill  hop- 
pers are  lined  with  wood  to 
reduce  the  condensation  of 
moisture. 

Most  mill  stock  will  run 
down  spouts  having  a  fall 
of  45  degrees,  but  flour, 
and  especially  fourth  break 
flour,  requires  spouts  with 
a  steeper  angle.  Wherever 
there  is  a  bend  in  a  spout, 
or  wherever  the  spout 
passes  through  a  floor, 
there  should  be  a  hand- 
hole  cut  in  it,  and  fitted 
with  a  lid,  so  that  if  it 
gets  blocked  up  the  opera- 
tor can  get  his  hand  in 
and  clear  it  without  diffi- 
culty, and  quickly.  Blocks 
will  occur  even  in  the  best 
arranged  and  constructed 
mills.  A  belt  may  come 
off,  and  a  machine  stop, 
and  immediately  the  spout 
feeding  the  machine  will  fill 
up,  and,  if  there  were  no 
hand  holes,  it  would  be 
impossible  to  clear  it. 
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The  spouts  are  usually  2|  in.  b}'  6  in.  inside  measure- 
ment, though  the  actual  size  depends  on  the  stock  they 
have  to  contend  with.  They  are  set  so  that  the  stock 
runs  down  on  the  6  in.  side.  If  the  spout  is  diamond- 
shaped,  the  stock  will  not  run  so  well,  as  running  in 
the  angle  of  the  V  causes  more  friction.  At  the  same 
time,    such    spouts    are    unsightly.     A    perpendicular 
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spout  is  to  be  avoided,  as  stock  falling  direct,  instead 
of  sliding  down,  creates  dust. 

Dust  Collectors. — It  is  usual  and,  indeed,  necessary 
to  exhaust  the  humid  air  from  all  machines  in  a  flour 
mill,  as  well  as  the  impurities  from  the  purifiers,  and 
dust  and  dirt  from  the  wheat.  It  is,  therefore,  necessary 
to  provide  some  sort  of  filtering  apparatus,  to  separate 
the  dust  from  the  air  used  for  these  various  purposes. 
Originally,  the  air  was  blown  into  rooms,  called  stive 
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rooms,  in  which  some  of  the  dust  settled  and  the  air 
escaped,  carrying  more  or  less  of  the  dust  through  a 
ventilator  with  it,  so  that  at  one  time  the  roofs  of  most 
flour  mills  were  covered  with  dust.  A  number  of 
machines  were  introduced  to  retain  all  the  dust,  while 
allov/ing  only  pure  air  to  escape.  The  first  really 
successful  appliance  was  the  cyclone  dust  collector, 
which  owed  a  good  deal  of  its  success  to  the  approval 
it  met  with  from  the  fire  insurance  societies,  who  would 
not  allow  the  use  of  textile  dust  collectors,  except  on 
payment  of  prohibitive  premiums.  The  cyclone  is  made 
of  metal,  the  lower  part  being  a  hollow  cone,  and  the 
upper  part  being  a  short  cylinder.  The  air  and  dust 
are  blown  sideways  into  the  cylindrical  part,  setting 
up  a  cyclonic  action,  the  centrifugal  force  of  which 
throws  the  dust  to  the  sides  of  the  cone,  down  which 
it  gradually  works  to  the  point,  whence  it  escapes  and 
is  sacked  off.  The  air  passes  away  through  an  opening 
in  the  centre  of  the  lid  of  the  cylindrical  part.  A  short 
round  spout  is  carried  down  from  the  opening  in  the 
lid  at  the  top  to  the  level  of  the  upper  part  of  the 
conical  section,  so  that  the  whirling  air  has  to  travel 
down  into  the  cone  before  it  can  escape.  It  is  thus 
retained  in  the  machine  a  sufficiently  long  time  for  the 
centrifugal  force  to  separate  the  dust  from  it.  No 
power  is  required,  as  the  circular  action  of  the  air  and 
the  shape  of  the  machine  make  the  separation,  which, 
though  very  good,  is  not  quite  perfect. 

The  insurance  companies,  after  a  time,  realised  this 
last  fact,  and,  knowing  only  too  well  the  fire  risks  atten- 
dant on  floating  dust,  permitted  the  use  of  textile  dust 
collectors.  These  consist  of  a  number  of  canvas  sleeves, 
or  tubes,  chemically  treated  to  render  them  fire-proof. 
Open  at  one  end,  to  admit  the  air  and  dust,  they  are 
closed  at  the  other  end,  so  that  the  air  has  to  filter 
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through  the  closely  woven  canvas  material,  which 
retains  the  dust.  The  sleeves  are  grouped  in  air-tight 
chambers  to  prevent  outside  air  entering.  Each  group 
of  sleeves,  in  turn,  has  the  exhaust  cut  off  for  a  minute 
or  so,  and  while  no  air  is  entering  that  group  is  agitated 
sharply,  and  the  caught  dust  is  shaken  from  the  insides 
of  the  sleeves  and  falls  into  a  receptacle  below.  The 
sleeves  in  a  section  are  shaken  from  five  to  ten  times  in 
succession,  at  intervals  of  about  five  minutes.  During 
this  time,  the  filtering  process  is  not  interrupted,  as 
aU  the  other  sections  are  at  work.  The  valve  of  the 
cleaned  section  re-opens,  and  the  next  closes  while  the 
sleeves  in  it  are  agitated.     There  may  be  six  or  more 
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sections  to  one  machine,  each  containing  any  number  of 
sleeves  required  to  deal  with  the  volume  of  air  being 
filtered.  There  are  two  usual  types  of  these  machines, 
the  suction  and  the  pressure.  In  the  suction  type, 
the  fan  draws,  or  sucks,  the  air  through  the  sleeves. 
In  the  pressure,  the  fan  blows  into  the  apparatus. 
This  pattern  does  not  really  need  the  sleeves  to  be 
enclosed  in  chambers,  as  the  pure  filtered  air  may  be 
allowed  to  escape  into  the  room  where  the  collector 
is  situated. 

Worm  Conveyors. — One  of  the  most  indispensable 
appliances  in  a  modern  mill  is  the  screw,  or  worm 
conveyor.  It  is  simply  an  Archimedian  screw  with 
such  large  threads  that  they  are  called  wings  or  flights 
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Two  patterns  are  used,  the  continuous,  and  the  broken 
blade,  or  paddle.  The  former  is  formed  by  stout  sheet 
iron  blades,  forming  the  screw,  twisted  round  an  iron 
pipe.  Short  spindles  are  fixed  in  each  of  the  ends  to 
form  journals,  and  to  connect  the  various  lengths  of 
pipe.  This  pattern  has  a  large  carrying  capacity,  but 
has  the  disadvantage  that  the  direction  of  the  screw 
cannot  be  altered,  for  part  of  its  length. 

The  broken  bladed  worm  is  formed  of  numbers  of 
separate  blade  sections,  or  paddles,  each  having  a  shank, 
which  fits  into  a  hole  drilled  in  the  centre  pipe,  or  spindle. 

A  nut  on  the  ends  of  the  shank  keeps  it  in  position, 
and  allows  the  blade  to  be  set  to  make  a  section  of 
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a  right  or  a  left-hand  screw.  Four  paddles  form  one 
thread  of  the  screw,  or,  in  other  words,  one  wing  of  the 
worm.  By  slackening  the  nuts,  and  inclining  the 
paddles  in  the  other  direction,  the  worm,  or  any  part 
of  it,  can,  in  a  few  minutes,  be  made  to  carry  stock  in 
the  other  direction.  This  is  a  great  advantage,  as  it 
is  often  necessary  to  collect  stock  from  each  end  of 
the  worm,  and  bring  it  to  a  spout  at  some  intermediate 
spot.  The  worm  is  encased  in  a  trough,  called  the 
worm  box,  made  of  iron  or  wood,  according  to  the 
material  to  be  conveyed.  The  worm,  in  revolving, 
screws  the  stock  forward.  A  6  in.  worm  running  at 
100  revolutions  per  minute,  will  convey  120  bushels  of 
material   per   hour.     The   great    value    of    the    worm 
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conveyor  is  due  to  the  little  room  it  occupies  and  the 
little  attention  it  requires. 

Band  Conveyors. — ^The  cheapest  way,  as  far  as 
power  is  concerned,  to  convey  grain  and  other  mill 
material  is  by  band  conveyors.  It  has,  however, 
such  a  large  capacity,  and  so  many  wearing  parts, 
and  occupies  so  much  room,  compared  with  a  worm, 
that  it  is  only  used  for  transporting  large  quantities 
of  stock. 

It  consists  of  two  terminal  pulleys,  over  which  runs 
an  endless  belt,  usually  of  canvas,  covered  with  rubber. 
Between  the  terminal  pulleys  run  two  rails,  along  which 
are  placed  a  number  of  rollers  to  support  the  belt. 
On  the  rails  is  placed  a  travelling  throw-off  carriage, 
having  two  pulleys  round  which  the  belt  is  deflected. 
This  carriage  can  be  fixed  at  any  point  along  the  rails, 
and  when  the  load  reaches  it  the  deflection  of  the  belt 
throws  off  the  load,  which  is  caught  in  a  spout  and 
thus  sent  to  a  bin,  or  machine  hopper.-  When  the  load 
is  always  required  to  be  delivered  at  the  end  of  the 
conveyor,  the  throw-off  appliance  is  not  needed,  as 
the  load  is  discharged  over  the  terminal  pulley.  The 
material  to  be  carried  can  be  spouted  on  to  the  belt  at 
any  point  between  the  terminals.  It  simply  lies  on 
the  top  of  the  belt  and  is  carried  along,  its  own  gravity 
causing  it  to  remain  on  the  belt.  In  some  cases,  instead 
of  single  rollers  being  used  for  the  belt  to  run  over, 
three  or  more  short  rollers,  forming  a  rough  arch,  are 
employed  ;  these  trough  the  belt  and  so  enable  it  to 
carry  more  material.  The  objection  to  this  is  the 
increased  strain  on  the  fabric  of  the  belt,  which  has  to 
flatten  out  again  to  pass  over  the  terminals,  or  through 
the  throw-off  carriage. 

Sack  Hoists. — ^These  appliances  are  used  for  hoisting 
sacks  of  wheat,  etc.,  from  one  floor  to  another,  or  from 
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boats  and  waggons  to  the  upper  floors  of  the  mill  or 
warehouse.  They  consist  of  a  rope,  or  chain,  of  the 
necessary  length,  one  end  of  which  is  attached  to  a 
drum  or  barrel.  This  drum  is  made  to  revolve  by 
pressing  two  friction  pulleys  together.  One  pulley  is 
attached  to  the  barrel,  and  the  other  to  a  continuously 
revolving  shaft.  When  the  pulleys  are  brought  together 
by  means  of  a  lever,  the  running  pulley  causes  the  other 
— and  so  the  barrel — to  revolve,  and  so  wind  up  the 
chain  or  rope,  the  other  end  of  which  is  attached  to  the 
sack  of  grain  or  meal.  Some  types  of  mechanical  sack 
hoist  are  driven  by  means  of  a  slack  belt,  which  can  be 
tightened  to  put  the  hoist  into  action  by  means  of  a 
lever.  The  introduction  of  elevators  and  conveyors  for 
handling  stock  in  bulk  has  greatly  lessened  the  use  of 
this  appliance. 

Sack  Shoots. — A  number  of  appliances  have  been 
introduced  of  late  years  for  lowering  full  sacks  from 
one  floor  to  another  without  the  consumption  of  power. 
They  are  all  caUed  sack  shoots.  The  simplest  form 
is  a  very  smooth  long  plank  set  at  an  incline  down  which 
a  sack  of  mill  stuff  will  slide  easily.  The  plank,  of 
course,  needs  a  strip  of  wood  nailed  down  each  edge 
to  prevent  the  sack  from  rolling  off.  This  type,  how- 
ever, requires  a  considerable  amount  of  floor  room. 
A  more  modern  pattern  is  the  spiral  sack  shoot,  which 
is  so  simple  as  to  need  little  explanation.  Sacks  can 
be  dropped  into  it  from  any  upper  floor,  and  taken 
off  at  any  lower  one.  Another  shoot  is  practically  a 
large  wooden  spout,  with  a  door  that  can  bs  opened 
at  each  floor.  Inside  the  spout  are  a  number  of  curved 
deflecting  boards,  which  cause  the  sacks  to  slide  down 
round  them  slowly. 

Bleaching. — So  keen  is  the  demand  for  a  pure  white 
loaf,  that  the  best  flour  is  often  bleached  to  remove 
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yellow  tints.  This  tint  fades  naturally  if  the  flour  is 
kept  for  two  or  three  months,  which  gave  imported 
flour  a  certain  advantage  in  colour  over  the  home-made 
article,  which  goes  into  consumption  at  once.  Bleaching 
is  a  very  simple  process.  A  stream  of  air  is  electrified 
and  pumped  into  an  agitator,  where  it  is  thoroughly 
mixed  with  a  stream  of  flour.  Nothing  but  the  electri- 
fied air  is  used.  It  is,  indeed,  the  same  sort  of  air  that 
is  forced  into  the  London  Tube  Railways.  Ozonized 
air,  in  fact  ;  but  more  highly  electrified  for  flour  bleach- 
ing than  for  ventilating  purposes.  Bleaching  low-grade 
flour  would  show  up  its  defects,  as  it  tends  to  emphasise 
the  bran  particles  in  it. 


CHAPTER  X 

MILLSTONE    MILLING 

Though  the  millstone  has  practically  gone  out  of  use 
for  grinding  wheat,  yet  it  is  still  so  largely  used  for 
other  branches  of  milling  that  it  is  worthy  of  considera- 
tion in  connection  with  the  craft.  It  is  generally  used 
for  making  whole  wheat-meal  for  brown  bread.  It  is 
.largely  employed  in  Scotch  oatmeal  manufacture,  and 
for  grinding  barley,  maize,  beans,  pease,  and  other 
provender  cereals  into  meal. 

French  Stones. — ^Wheat  and  maize  are  always  ground 
on  French  burr  stones.  These  burrs,  which  come  in 
comparatively  small  pieces  from  France,  are  faced 
up,  fitted  and  cemented  together,  and  then  hooped 
with  two  strong  iron  hoops  to  make  up  the  complete 
stone.  The  face  is  dressed  down  to  a  perfect  plane. 
The  back,  which  has  purposely  been  left  rough,  is 
covered  with  cement  to  any  desired  thickness,  and 
rounded  towards  the  centre.  Each  stone  of  a  pair 
has  a  hole  in  the  centre,  called  the  eye.  The  eye  of 
the  runner  is  round,  10  in.  diameter,  while  that  of  the 
stationary,  or  bed,  stone  is  usually  10  in.  square. 
Otherwise  the  two  stones  are  identical. 

The  bedstone  is  laid  on  its  back  in  a  frame,  called 
the  hurst,  and  an  iron  plate  carrying  adjustable  brass 
bearings  is  firmly  fixed  in  the  eye  below  the  level  of 
the  face.  A  spindle  runs  up  through  the  eye  plate 
to  a  required  height  ;  its  other  end  resting  in  a  toe 
brass  or  foot  step.  The  toe  brass  is  fixed  to  a  support 
below  in  such  a  way  that  it  can  be  raised  or  lowered. 
On  the  top  of  the  spindle  is  placed  a  driving  iron,  with 
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two  or  three  projectors  which  fit  in  sockets  cut  in  the 
edge  of  the  eye  of  the  runner,  or  revolving,  stone. 
When  the  stones  are  face  to  face,  ready  to  start  grinding, 
all  the  weight  of  the  top  stone  rests  on  the  driving 
irons,  and  so  on  the  top  of  the  spindle.  The  spindle 
is  driven  from  below  either  by  means  of  gear  wheels 
or  by  pulleys  and  belt.  The  stones  are  enclosed  in  a 
circular  wooden  casing  called  the  hoop,  which  has  a 
hole  in  the  centre  corresponding  to  the  eye  of  the  stone. 
Over  this  is  mounted  a  small 
hopper,  the  bottom  of  which 
is  loose  and  called  the  shoe. 
A  rod,  called  the  damsel, 
coming  up  from  the  spindle 
and  revolving  wit-h  it,  has 
cams  which  strike  the  shoe 
and  vibrate  it,  causing  a  stream 
of  grain  to  flow  into  the  eye 
of  the  stones.  Millstones  are 
usually  4  ft.  or  4  ft.  6  in.  in 
diameter,  and  about  a  foot  in 
thickness. 

A  4  ft.  6  in.  stone  runs  at  a 
speed  of  about  130  revolutions  a  minute,  and  a  4  ft.  stone 
at  140  to  150  revolutions. 

The  runner  is  accurately  balanced  on  the  top  of  the 
spindle  to  ensure  even  grinding.  The  wooden  casing 
is  far  enough  from  the  stone  to  give  good  clearance  all 
round.  A  sweeper,  attached  to  the  periphery  of  the 
runner,  carries  the  meal  round  with  it,  till  it  reaches 
an  opening  for  its  discharge  in  the  case  or  frame. 

Smooth  stones  would  be  of  very  little  use  for  grinding, 
so  various  work  has  to  be  done  on  their  faces  to  keep 
them  rough,  or,  technically,  sharp.  This  is  spoken  of 
as  dressing  the  stones.     The  chief  dress  is  the  furrows  ; 
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these  are  cut  not  radiating  from  the  eye,  but  each  of 
the  master,  or  long  furrows,  is  cut  from  a  point  4  in. 
or  5  in.  wide  of  the  centre  of  the  eye,  and  run  thence 
through  to  the  outer  edge,  or  skirt,  of  the  stone. 

It  is  immaterial  whether  a  stone  runs  with,  or  against, 
the  sun,  but,  if  against  the  sun,  or  left-handed,  the 
master  funows  lead  from  the  other  side  of  the  eye. 
The  face  of  the  stone  has  two  or  three  short  furrows 
parallel  to  each  master  furrow,  forming  a  "  harp." 
Furrows  are  cut  about  a 
quarter  of  an  inch  deep  at  one 
edge,  and  taper  away  to  no- 
thing at  the  other.  They  may 
be  IJin.  wide  and  have  2  in. 
of  "  land  "  between  them  ;  but 
there  is  no  rule,  most  millers 
havnng  opinions  of  their  owti 
on  this  point.  A  4  ft.  6  in. 
stone  has  about  ten  master 
furrows,  with  three  shorter 
furrows  to  each  to  form  the 
harp. 

The  face  of  the  stone  is 
kept  perfectly  flat  for  about 
8  in.  from  the  extreme 
edges ;  from  there  it  should 
taper  slightly  towards  the  eye  to  such  a  degree  that, 
when  the  two  stones,  laid  face  to  face,  touch  at  the 
periphery,  there  should  be  nearly  enough  space  between 
them  at  the  eye  to  admit  a  grain  of  wheat.  The  outer 
Sin.  of  the  face  has  small  hues,  called  "cracks,"  cut 
in  the  lands.  These  should  be  cut  in  clear  and  sharp, 
without  breaking  the  face  of  the  stone  between  them. 
To  do  this  correctly  on  wheatstones  was  a  sign  of  the 
highest  skill  in  the  old  stone-dressers'  art.     These  men 
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Showing  two  different 
dresses  of  three  furrows  to 
the  harp.  The  second  fur- 
row on  the  left-hand  view 
is  cut  through  into  master 
furrow.  Dressed  to  run 
against  the  Sun. 
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boasted  how  many  "  cracks  "  to  the  inch  they  could 
put  in.  About  twelve  was  tlie  normal  number,  and  a 
sharp  mill  bill,  or  pick,  was  necessary  for  the  work. 
All  the  dressing  is  done  with  these  tools,  the  workman 
sitting  on  the  stone  and  resting  his  elbows  on  a  cushion 
generally  stuffed  with  bran.  Only  the  best  of  steel 
will  stand  the  work,  and  the  tool  has  to  be  continually 
sharpened.  The  old  stone-dresser  has  almost  passed 
away,  and  it  is  hard  to  find  a  miller  now  who  really 
understands  a  millstone,  and  can  dress  it. 

The  Derbyshire  Peak  millstone  is  of  much  rougher 

texture    than    the    French, 
and  is  chiefly  used  for  prov- 
ender work.    It  is  furrowed, 
and    dressed,    and    worked 
in  the  same  manner  as  the 
French  stone,  but  is  quarried 
all    in    one    piece   and    cut 
MILL  BILL  AND  HANDLE     into  shape.     It  is   custom- 
ary to   shrink   a   couple   of 
iron  hoops  on  the  runner    for  the    sake  of  safety,   in 
case  it  should  split  at  work,  but  this  is  not  absolutely 
necessary,  and  many  millers  run  them  unhooped. 

When  a  pair  of  millstones  of  any  sort  have  to  be 
dressed,  the  runner  is  turned  over  on  its  back,  and 
the  faces  of  both  stones  are  dressed  in  exactly  the 
same  way,  so  that,  when  they  are  grinding,  the  fuiTOws 
of  the  runner  slightly  cross  those  of  the  bedstone,  and 
thus  a  shearing,  as  well  as  a  grinding,  action  is  obtained. 
It  is  partly  for  this  reason  that  the  master  furrows  do 
not  radiate  from  the  centre,  but  from  points  four  or 
five  inches  wide  of  the  centre.  This  distance  is  called 
the  draught  ;  and  the  greater  the  draught,  the  more 
quickly  the  material  being  ground  travels  from  the  eye 
to  the  periphery. 
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A  pair  of  French  stones  require  dressing  once  a  week, 
a  flour  mill  week  being,  generally,  about  140  hours. 
To  keep  the  stone  faces  true  a  staff  is  needed.  This  is 
built  up  of  a  number  of  strips  of  mahogany,  glued  and 
bolted  together  to  prevent  warping.  It  is  about  4  ft. 
long  by  5  in.  by  3  in.,  and  one  3  in.  face  is  kept  dead 
true  by  testing  it  on,  and  adjusting  it  to,  an  iron  proof 
staff. 

The  true  face  of  the  wooden  staff  is  lightly  painted 
with  a  water  paint.  It  is  then  rubbed  over  the  face  of 
the  stone,  or  rather,  on  the  skirt,  or  8  in.  wide  circle 
of  the  face  nearest  the  periphery,  when  any  unevenness 
is  at  once  marked  by  the  paint,  and  must  be  dressed 
down  as  needed.  If  any  part  of  the  stone  between  the 
eye  and  the  skirt  is  marked,  it  must  be  dressed  off  till 
the  staff  clears  it. 

Furrow  strips  are  flat  strips  of  wood,  one  the  width 
of  the  furrows  and  the  other  the  width  of  the  "  lands  " 
between.  These  are  used  as  rulers  to  mark  the  furrows, 
which  are  then  dressed  down  to  keep  them  to  the 
correct  width  and  depth.  On  French  stones,  the 
wear  is  infinitesimal,  but  the  face  soon  wears  too 
smooth  to  grind  freely,  and  needs  sharpening  every 
week  by  "  cracking  "  the  skirt,  and  dressing  the  smooth 
face  off  the  rest  of  the  stone  and  the  furrows,  by  lightly 
chipping  with  a  sharp  mill  bill.  It  was  considered  a 
good  day's  work  (lOJ  hours)  for  a  stone-man  to  dress 
one  wheat-stone. 

In  the  latter  days  of  stone  milling  mechanical  stone- 
dressers  were  introduced,  diamonds  being  used  to  cut 
or  dress  the  stones,  instead  of  the  steel  mill  bill  used 
by  hand.  They  met  with  a  certain  amount  of  success, 
but  the  day  of  the  millstone  had  nearly  passed  by 
then,  and  they  were  too  delicate  for  the  coarser  dressing 
required  for  provender  milling. 

9 — (1464A) 
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Within  the  last  few  years,  composition  millstones 
have  largely  superseded  the  old-fashioned,  built-up 
French  stones.  These  are  made  from  ground  French 
burr,  mixed  up  with  cement,  in  the  same  manner  as 
concrete,  and  rammed  into  moulds  to  form  the  mill- 
stones. Sometimes  emery  is  used  instead  of  French 
burr.  The  advantages  of  the  composition  stone  are  : 
First,  and  most  important,  that  the  face,  formed  of 
small  pieces,  does  not  glaze,  and  so  always  keeps  sharp  ; 
the  only  dressing  necessary  being  a  periodical  deepening 
of  the  furrows.     Second,  a  more  even  grit  is  obtained. 

High  speed  mills,  fitted  with  small  diameter  stones, 
are  largely  used  for  grinding  various  cereals,  and 
especially  for  reducing  the  screenings,  from  the  wheat 
cleaning  department  of  flour  mills,  to  fine  meal  for 
mixing  into  whcaten  offals. 

Besides  the  23  or  24  million  quarters  of  wheat  imported 
into  the  United  Kingdom  every  year,  large  quantities 
of  other  cereals  are  also  brought  over-seas.  Maize, 
of  course,  is  not  grown  here,  at  least  for  corn,  though 
some  is  cultivated  for  fodder,  so  that  the  large  quantity 
used  is  all  sea-borne. 

The  table  on  page  121  will  give  a  good  idea  of  the 
quantities  of  breadstuffs,  and  of  the  coarser  grains, 
imported  into  the  United  Kingdom  each  cereal  year. 
The  small  arrivals  of  barley  in  the  cereal  year  1914- 
1915  was  due  to  the  closing  of  the  Dardanelles,  cutting 
off  the  usual  large  Russian  supplies  of  that  cereal. 

Maize. — ^Besides  being  ground  on  French  burr,  maize 
is  often  reduced  on  other  t5^es  of  machines.  A  great 
deal  of  this  grain  is  used  in  distilleries,  and  is  often 
ground  on  a  three-pair-high  roller-mill.  The  rolls 
are  fluted,  and  the  material  having  been  broken  down 
on  the  top  pair,  falls  direct  to  the  second  for  further 
reduction,  and  then  to  the  third  pair  for  finishing. 
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Another  type  of  machine  is  the  high  speed  disc  mill 
which  grinds  chiefly  by  percussion  :  the  fluted,  chilled 
iron  discs  revolving  in  opposite  directions,  and  not 
actually  coming  in  contact  with  each  other,  even  when 
no  grain  is  passing  through.  Another  type  is  the 
disintegrator,    which  consists  of  beaters  revolving  inside 
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a  chamber  at  a  very  high  speed,  and  reducing  the 
grain  entirely  by  percussion.  Maize  is  never  required 
to  be  ground  into  a  fine,  soft  meal  as  are  most  other 
cereals. 

Barley. — Barley  was  generally  ground  on  Derbyshire 
Peak  stones,  because  the  coarseness  and  sharpness  of 
the  grit  of  these  stones  cut  up  the  husk  better  than 
any  other.  Since  their  introduction,  composition  stones 
l^ave  been  keen  competitors  of  Peak  stones. 
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Barley  is  required  to  be  ground  to  a  fine,  soft  meal, 
and  the  husk  must  be  well  ground  to  obtain  this.  It  is 
not  unusual  for  millers  to  sift  the  coarsest  of  the  husks 
out  of  the  meal  and  return  them,  continuously,  to  the 
stone  with  the  barley  being  ground,  so  that  they  may 
be  re-ground  two  or  three  times,  till  small  enough  to 
pass  through  the  mesh  of  the  sifter. 

Pearl  barley  is  produced  by  scouring  the  husk  off 
the  berry  and  leaving  the  endosperm  unbroken.  This 
is  accomplished  by  means  of  a  Peak  stone  revolving  on 
a  spindle  in  a  cage  made  of  stout,  closely  woven  wire, 
the  grain  being  scoured  against  the  wire  by  the  stone. 

Oats. — Oats  are  ground  for  poultry  feeding  in  much 
the  same  way  as  barley.  For  making  Scotch  or  Irish 
oatmeal,  the  corn  is  fii'st  thoroughly  dried  on  a  kiln. 
It  is  then  run  through  a  pair  of  Peak  stones  ;  the 
runner  being  raised  from  the  bedstone  to  a  sufficient 
height  to  only  scour  the  oats  and  not  grind  them. 
By  this  means  the  hulls  are  rubbed  off  the  oats,  and 
are  then  removed  by  winnowing.  The  groats  are  then 
ground  into  meal  of  the  required  coarseness,  either  on 
millstones  or  on  metal  mills  of  various  types.  The 
chief  difficulty  was  to  scour  the  oats  sufficiently  to 
remove  the  hulls  without  damaging  the  grains  that 
parted  with  their  hulls  first  and  most  easily.  Machines 
have  now  been  introduced  to  separate  hulled  and 
unhuUed  oats,  the  latter  being  sent  back  for  further 
scouring,  while  the  former  are  passed  on  to  be  reduced 
to  meal. 


CHAPTER  XI 

CORN    EXCHANGES 

From  time  immemorial  there  have  been  Corn  Exchanges, 
or  recognised  markets,  for  the  buying  and  selHng  of 
grain.  Probably  the  most  important  corn  market 
in  the  world  is  "  The  Baltic  Mercantile  and  Shipping 
Exchange,"  situated  in  St.  Mary  Axe,  London,  E.C. 

The  first  "  Baltic  "  had  its  origin,  like  Lloyd's,  in  a 
small  tavern  known  as  The  Baltic  Coffee  House,  or 
"  Mongers,"  opposite  the  open  pavement  at  the  east 
end  of  the  Royal  Exchange.  Here,  merchants  engaged 
in  the  importation  of  goods  from  Russia,  and  other 
Baltic  ports,  used  to  congregate  over  their  coffee. 
Another  tavern  was  the  "  Cock,"  and  it  is  quite  likely 
that  different  sections  of  the  trade  patronised  various 
houses,  until  they  were  all  collected  under  one  roof, 
in  the  old  Baltic,  at  the  north-cast  corner  of  Threadneedle 
Street. 

A  building  on  the  site  of  the  old  Baltic  was  famous, 
or,  rather  notorious,  for  being  the  home  of  the  South 
Sea  Company,  originated  by  Harley,  Earl  of  Oxford, 
in  1711.  The  South  Sea  Bubble  burst  in  1721.  South 
Sea  House,  which  was  built  in  1714,  was  partly 
destroyed  by  fire  Ia  1826.  It  became  the  home  of 
the  "  Baltic  "  in  1855,  and  was  pulled  down  in  1900. 

The  market  still  retained  its  old  coffee-house  character 
in  its  new  home,  coffee,  tea,  and  other  refreshments, 
including  luncheon,  being,  served  at  the  tables  which 
lined  the  room.  The  Baltic  Association,  an  unlimited 
company,  bought  the  premises  in  1855  for  £40,000,  and 
sold  them  in  1900  to  the  British  Linen  Company  Bank 
for  £350,000.  In  1750,  they  had  been  sold  for  £5,000. 
The  new  Exchange  is  a  combination  of  the  old  Baltic 
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and  the  London  Shipping  Exchange,  which  latter, 
previousl}',  was  held  in  Billiter  Street.  The  foundation 
stone  of  the  new  building  in  St.  Mary  Axe  was  laid  by 
the  Lord  Mayor,  on  24th  June,  1901.  The  central 
hall,  lit  from  a  domed  roof,  is  150  ft.  long.  The  ground 
is  freehold  and  belongs  to  the  new  company,  which  is 
the  largest  mercantile  association  in  the  Kingdom,  if 
not  in  the  wcrld,  and  all  sprung  from  a  coffee  house  of 
150  years  ago.  Here,  the  London  Corn  Trade  Associa- 
tion has  its  home,  and  here  most  of  the  international 
grain  dealing  takes  place.  Originally,  the  corn  factors 
bought  cargoes  of  gi^ain  on  the  Baltic  and  sold  it  to 
millers  on  the  various  corn  exchanges  of  the  Kingdom, 
and  this  is  still  largely  done..  Many  of  the  milling 
firms,  however,  have  of  late  years  become  such  huge 
concerns  that  they  now  buy  much  of  their  grain  from 
the  shippers,  and  are  themselves  members  of  the 
Baltic,  which,  like  the  Stock  Exchange,  is  a  closed 
market,  only  open  to  members.  There  are  numbers 
of  grain  brokers  who  buy  wheat  and  other  cereals  for 
clients,  on  commission.  The  Atlantic  is  a  similar 
Exchange  in  Liverpool. 

Much  of  the  grain  is.  bought  to  be  shipped  from  the 
ports  of  the  country  of  origin  by  a  certain  date.  Thus, 
soon  after  the  American  harvest,  or  even  before  harvest, 
cargoes,  or  parcels,  are  sold  to  be  shipped  by,  say,  the 
end  of  September,  or  by  the  end  of  February,  or  by  any 
date  between,  though,  as  a  rule,  the  terms  are  during  a 
particular  month  ;  or  the  shipper  may,  in  some  cases, 
reserve  the  right  to  ship  at  any  date  during  two  months 
{e.g.,  during  December  or  January).  Probably,  a 
cargo  ma^^  be  sold  "  on  passage  "  after  the  vessel  has 
sailed.  In  these  days  of  large  vessels,  one  ship  may 
carry  a  number  of  consignments  for  various  shippers, 
and  these  are  sold  as  parcels.     All  cargoes  and  parcels 
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are  sold  on  C.I.F.  terms,  that  is,  carriage  and  insurance 
free.  The  buyer  has  to  take  possession  of  the  grain 
when  the  boat  arrives,  and  pay  all  unloading  and  other 
charges.  A  considerable  amount  of  grain  is  shipped 
"  for  orders."  This  does  not  mean  that  the  grain  has 
been  ordered,  but  that  the  captain  does  not  know  to 
what  European  port  he  is  going,  and  so  has  to  call  at 
a  convenient  port  "  for  orders,"  as^  during  the  voyage, 
the  cargo  may  have  been  sold  to  a  merchant,  or  miller, 
at  any  of  a  number  of  ports  specified  in  the  charter. 

When  grain  was  first  imported,  the  foreign  trade 
was  in  the  hands  of  the  German  Steel  Yard  merchants, 
who  originally  came  from  the  Hanse  Town,  and,  about 
the  year  1250,  settled  in  Thames  Street  at  the  Steel 
Yard,  or  City  Weighbridge,  and  so  became  known  as 
the  Steel  Yard  merchants.  They  obtained  privileges 
from  Henry  III,  which  were  renewed  by  Edward  I, 
and  also  by  the  City  authorities,  in  return  for  which 
they  had  to  maintain  the  Bishop's  Gate.  Owing  to 
the  jealousy  of  English  merchants,  their  privileges  were 
revoked.  They,  nevertheless,  still  flourished  till  the 
time  of  Edward  VI,  when  the  Merchant  Adventurers 
managed  to  obtain  the  revocation  of  their  privileges. 
They  remained  here,  however,  till  they  were  expelled 
in  Elizabeth's  reign. 

So  much  for  the  foreign  wheat  markets,  but  probably 
the  history  of  the  markets  for  home-grown  grain  is 
even  more  interesting.  London,  in  early  days,  drew 
the  bulk  of  its  brcadstuffs  and  other  cereals  from  the 
farms  of  the  Home  Counties,  at  a  time  when  the  corn 
trade  was  greatly  harassed  by  laws  and  regulations,** 
which,  to  a  comparatively  recent  date,  oppressed  not 
only  the  trader  but  also  the  people.  Henry  VI  prohibited 
the  exportation  of  wheat  when  the  price  rose  to  6s.  8d, 
per  qr.     In  1542,  corn  dealers  were  forbidden  to  hold 
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more  than  10  qrs.  of  corn  at  any  one  time,  the  idea 
evidently  being  to  have  no  middleman,  which  would 
cheapen  the  price  of  the  grain  to  the  consumer — a 
fallacy  not  quite  dead  yet.  Two  years  later,  it  was 
made  a  crime,  subject  to  heavy  penalties,  for  a  person 
to  buy  corn  to  sell  again.  Up  to  1789,  England  exported 
its  surplus  grain.  The  Corn  Laws  were  abolished  in 
1846,  with  the  exception  of  a  registration  tax  of  Is.  a  qr. 
This  also  was  abolished  in  1869. 

The  first  market  we  hear  of  was  in  1438,  when  Sir 
Stephen  Brown,  the  then  Lord  Mayor,  established  a 
public  market  and  granary  at  Leadenhall.  He  also 
obtained  cheap  corn  direct  from  Dantzig,  and  destroyed 
the  monopoly  of  the  Steel  Yard  merchants.  Later, 
the  Corporation  and  the  City  Companies  provided  the 
Cit}'  with  corn,  and  a  large  store  was  always  kept  at 
the  Bridge  House.  The  Great  Fire,  in  1666,  destroyed 
all  the  Corporation's  granaries,  and  they  were  never 
rebuilt,  the  provisioning  of  the  City  being  kept  in  the 
hands  of  private  traders.  Foreign  grain  was  landed  at 
Billingsgate  and  Queenhithe.  The  City  claimed  the 
right  of  measuring  this  corn,  which  was  done  by  sworn 
meters  and  fellowship  porters.  When  the  Corn  Duties 
were  repealed,  the  meters  and  porters  were  no  longer 
necessary.  In  lieu  of  Metage,  which  was  abolished  in 
1872,  the  merchants  on  the  Old  Corn  Exchange  had  to 
pay  3-16d.  per  cwi:.  on  all  corn  sold  in  the  market. 
This  duty  was  levied  for  thirty  years  on  all  grain 
imported  into  the  Port  of  London  for  sale,  and  was 
called  the  City  of  London  Grain  Duty,  and  was  applied 
for  the  preservation  of  open  spaces,  after  a  certain  sum 
had  been  paid  to  the  meters  and  porters  as  compensation 
for  their  loss  of  rights. 

The  principal  corn  market  was  in  Cornhill,  from  which 
fact  the  street  takes  its  name.     Another  was  held  at 
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the  west  end  of  Cheapside.  Bread  Street  takes  its 
name  from  being  the  chief  market  for  baked  bread. 
Stratford  was  the  great  bakery  centre,  doubtless  as 
being  near  the  Essex  wheat  fields,  and  having  good 
water  carriage  by  way  of  the  River  Lea,  which  also 
provided  power  for  a  number  of  mills,  of  which  Three 
Mills,  now  a  distillery,  was  perhaps  one  of  the  largest, 
having  a  good  water-power. 

Bakers  were  subject  to  all  kinds  of  restrictive  laws, 
enforced  by  ;  evcre  penalties.  The  Assize  of  Bread 
was  first  introduced  by  the  City  authorities,  and  after- 
wards regulated  by  Acts  of  Parliament,  to  compel  the 
baker  to  increase  the  size  of  the  loaf,  or  reduce  it, 
according  to  the  price  of  wheat.  In  the  reign  of  Queen 
Anne  a  law  was  passed  to  remedy  defects  in  the  then 
existing  regulations,  but  no  one  was  satisfied,  owing  to 
the  contradictory  mode  of  fixing  the  Assize,  as  many 
cases  of  hardship  occurred  to  the  baker,  and  the  con- 
sumer never  knew  what  the  price  of  his  bread  would  be. 
In  1836,  the  Assize  system  was  abolished,  and,  since  then, 
bread,  other  than  fancy  bread,  has  had  to  be  sold  by 
weight.  This,  however,  does  not  satisfy  bakers,  who 
are  now  trying  to  re-establish  what  they  are  pleased  to 
call  the  Assize  system,  but  which,  to  suit  them,  would 
have  to  differ  from  the  old  system,  inasmuch  as  they 
claim  the  right  to  themselves  to  fix  both  price  and 
weight,  the  latter  to  be,  as  far  as  their  customers  are 
concerned,  an  unknown  quantity.  •  They  have  already 
managed  to  carry  out  the  scheme  in  parts  of  Lancashire, 
and  neighbouring  counties,  which  is  rather  expensive 
to  their  customers. 

About  two  hundred  years  ago,  numbers  of  Essex 
farmers  used,  once  a  week,  to  meet  London  millers  at 
an  inn  in  Whitechapel  to  sell  their  corn,  and  often, 
when  they  did  not  sell,  they  left  their  grain  with  the 
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innkeeper  to  sell  for  them  at  a  fixed  price.  Gradually, 
they  got  into  the  habit  of  sending  their  loads  of  grain 
to  the  innkeeper  to  sell,  without  going  up  themselves. 
Other  men,  seeing  how  much  trade  mine  host  was 
doing,  induced  farmers  to  send  their  corn  to  them  to 
sell.  These  men  took  the  grain  to  Mark  Lane  and 
Tower  Hill  to  sell,  where  they  met  other  factors  who  had 
received  corn  sent  by  water  and  landed  at  Bear  Quay, 
in  Thames  Street,  A  market  was,  at  one  time,  held  at 
Bear  Quay  for  the  sale  of  grain  landed  there,  but  later 
was  transferred  by  the  Bear  Quay  merchants  to  a 
building  situated  at  the  back  of  29  Mark  Lane.  When 
the  number  of  factors  had  outgrown  the  accommodation 
there,  a  new  market,  the  London  Corn  Exchange,  was 
started  in  1828. 

The  WTiitechapel  factors  had  previously  combined, 
and,  in  1746,  obtained  a  short  Act  of  Parliament,  which 
granted  privileges  for  a  new  corn  market,  which  was 
built  in  1747,  and  named  the  Corn  Exchange  of  London. 
When  first  opened,  the  market  was  exposed  to  all 
weathers,  business  began  at  7  o'clock  in  the  morning, 
and  candles  had  to  be  used  in  the  winter  mornings. 
It  was  closed  in  and  partly  rebuilt  in  1827,  when  the 
restaurant  known  as  "  Jack's  "  Coffee  House  was  added. 

Under  powers  conferred  by  a  new  Act  of  Parliament, 
it  was  pulled  down,  and,  on  a  greatly  enlarged  site,  the 
present  building  was  erected.  When  the  London  Corn 
Exchange  was  built,  in  1828,  at  the  north  side  of  the 
other,  it  was  generally  called  the  New  Market,  to 
distinguish  it  from  the  Corn  Exchange  of  London, 
which,  naturally,  became  the  Old  Market.  As  men- 
tioned, this  latter  was  rebuilt  in  1881,  and  strangers  to 
Mark  Lane  are  apt  to  be  confused  as  the  New  Building 
is  the  Old  Market,  or  Old  Corn  Exchange.  Here,  corn 
merchants  have  their  stands,  and  sell  the  grain  bought 
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C.I.F.  on  the  Baltic  to  millers  and  other  consumers, 
and  here,  also,  are  to  be  found  numbers  of  countr}^  corn 
factors,  who  attend  to  sell  home-grown  grain  that  they 
have  bought  on  the  various  country  exchanges.  A 
number  of  London  millers  have  stands  on  this  market, 
as  well  as  the  importers  of  American  and  other  flours. 
The  accommodation  is  even  now  severely  taxed  in 
busy  hours,  and  it  is  next  to  impossible  for  a  new  firm 
to  obtain  a  stand.  The  height  is  70  ft.,  the  area  about 
191,000  sq.ft.,  and  the  building  cost  about  £106,000 
to  erect. 

Most  of  the  British  corn  exchanges  have  grown  up 
in  much  the  same  manner  as  those  in  London.  Some 
of  the  provincial  exchanges  belong  to  companies, 
while  others  are  owned  by  the  local  authorities.  The 
merchants  pay  an  annual  rent  for  their  stands.  Gener- 
ally, farmers  are  charged  a  small  fee  to  go  on  to  sell 
their  grain,  but  often  the  market  is  open  to  anyone, 
and,  on  some,  farmers  can  sell  their  own  grain  without 
the  payment  of  charges  of  any  sort. 

The  import  wheat  trade  of  Great  Britain  is  carried  out 
on  different  terms  with  most  of  the  exporting  countries. 

United  States  and  Canada  wheats,  of  various  sorts, 
are  graded  according  to  quality  by  Government  officials. 
Thus,  we  have  Nos.  1,  2,  3,  or  4,  Hard  Winter  ;  or,  it 
may  be,  Nos.  1,  2,  3,  4,  and  5  Northern  Manitoba. 
The  grain  is  sold  by  the  grade,  on  what  are  known  as 
"  Certificate  Final "  terms  ;  which  means  that  the 
buyer  cannot  dispute  about  the  quality  when  the  seller 
can  produce  the  Government  Inspection  Certificate. 

Indian  wheats  are  bought  here  under  various  well- 
known  names,  such  as.  No.  1  Club  Calcutta,  No.  1 
Bombay  White,  Red  Karachi.  Soft  White  Delhi,  etc., 
etc.  The  actual  wheats  vary  less,  from  year  to  year, 
than  those  of  most  other  countries.     The  chief  trouble 
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has  always  been  the  dirt  mixed  with  the  grain,  and 
shipments  are  always  sold  on  a  dirt  basis,  i.e.,  if  they 
contain  more  than  an  agreed  percentage  of  dirt,  the 
buyer  can  claim  allowances  in  proportion. 

Argentine  wheat  is  sold  at  a  guaranteed  natural 
weight  per  bushel.  When  the  wheat  an^ives  this  side,  if  a 
struck  bushel  of  the  grain  does  not  weigh  the  guaranteed 
weight,  the  buyer  is  allowed  IJ  per  cent,  off  the  price 
of  the  wheat  for  each  of  the  fiist  2  lb.  per  bushel  and  2 J 
per  cent,  for  the  third  and  fourth  pounds  that  the 
wheat  is  below  the  natural  weight  guaranteed.  If  it  is 
more  than  4  lb.  under  weight,  the  matter  is  settled  by 
arbitration.  This  weight  per  bushel  has  nothing  to  do 
with  the  actual  weight  bought,  as  the  buyer  receives 
60  lb.  for  every  bushel  purchased,  whether  the  wheat 
weighs  56  lb.  or  62  lb.  naturally.  This  bushel  test  is  one 
of  the  best  tests  of  the  quality  of  wheat.  A  bushel  of 
good,  plump,  dry  wheat  may  weigh  64  lb.  to  65  lb.  per 
bushel,  while  poor,  thin,  damp  samples  may  weigh 
101b.  less. 

Australian  wheat  is  bought  here  on  what  is  called 
the  F.A.Q.  system.  The  Australian  authorities  make  up 
samples  to  represent  the  Fan"  Average  Quality  of  the 
crop.  These  samples  are  sent  over  here,  and  the 
shipnients  following  are  judged  by  them. 

Russian  wheats  are  sold  by  samples  sent  on  ahead, 
and  if  the  shipments  contain  a  larger  percentage  of 
impurities  than  the  samples,  or  above  a  recognised 
proportion  of  impurities,  then  the  buyer  can  claim  an 
allowance  for  dirt.  Russian  wheats  are  the  most 
unsatisfactory  sort  that  we  receive  in  this  respect,  as 
the  shipments  are  not  officially  controlled,  and  dirt  is 
often  mixed  in  wilfully  by  the  native  merchants. 
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Seed-time  and  harvest,  12 
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South  Sea  House,  124 
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Steel  Yard  merchants,  126 
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By  Walter  Shawcross,  B.A.  .  .  .     Net       3/6 
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By  Walter  Shawcross,  B.A.  .  .  .     Net       3/6 
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By  P.  H.  Reaney,  M.A. 2/6 

Principles  and  Practice  of  Commercial  Corre- 
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By  J.  Stephenson,  M.A.,  M.Com.,  B.Sc.  .     Net       7/6 
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Commercial  Geography  of  the  British  Empire 

Abroad  and  Foreign  Countries.  Net      3/- 

Commercial  Geography  of  the  British  Isles. 

Net        2/6 

Commercial  Geography  of  the  World.        Net      4/6 

Commercial  History. 

By  J.  R.  V.  Marchant,  M.A.  .         .         .     Net       5/6 

Elements  of  Commercial  Geography. 

By  C.  H.  Grant,  M.Sc,  F.R.Met.  Soc.       .  .     Net       2/6 

Elements  of  Commercial  History. 

By  Fred  Hall,  M.A.,  B.Com.,  F.C.I.S.     .  .     Net       2/6 

Examination  Notes  on  Commercial  Geography. 

By  W.  P.  Butter,  M.Com Net       2/- 

Principles  of  Commercial  History. 

By  J.  Stephenson,  M.A.,  M.Com.,  B.Sc.  .     Net       7/6 

World  and  Its  Commerce,  The.  Net      2/6 

ECONOMICS 
British  Finance  (1914-1921). 

Edited  by  A.  W.  Kirkaldy,  M.A.,  B.Litt.,  M.Com.     Net     15/- 

British  Labour  (1914-1921). 

Edited  by  A.  W.  Kirkaldy,  M.A.,  B.Litt.,  M.Com.     Net     10/6 

Dictionary  of  Economic  and  Banking  Terms. 

By  W.  J.  Weston,  M.A.,  B.Sc,  and  A.  Crew       Net       5/- 

Economic  Geography. 

By  John  McFarlane,  M.A.,  M.Com.  .  .     Net     10/6 

Economic  Geography,  The  Principles  of. 

By  R.  N.  RuDMORE  Brown     ....     Net       7/6 

Elements  of  Political  Economy. 

By  H.  Hall,  B.A Net       2/6 

Guide  to  Political  Economy. 

By  F.  H.  Spenckb,  D.Sc,  LL.B.       .         .         .    Net       3/6 
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History  and  Economics  of  Transport. 

By  A.  W.  KiRKALDY,  M.A.,  B.Litt.  (Oxford),  M.Com. 
(Birm.),  and  A.  Dudley  Evans         .  .  .     Net      15/- 

Housing  Problem,  Tlie. 

By  John  J.  Clarke,  M.A.,  F.S.S.     .  .         .     Net     21/- 

Labour,  Capital  and  Finance. 

By  •'  Spectator  "  (W.  W.  Wall,  F.J.I. ,  F.S.S.)   .     Net        3/6 

Local  Government  of  the  United  Kingdom. 

By  John  J.  Clarke,  M.A.,  F.S.S.         .  .  .     Net        7/6 

Outlines  of  Central  Government. 

By  John  J.  Clarke,  M.A.,  F.S.S.      .  .  .Net        1/6 

Outlines  of  Industrial  and  Social  Economics. 

By  John  J.  Clarke,  M.A.,  F.S.S.,  and  James  E. 

Pratt,  A.C.I.S Net        1/6 

Outlines  of  Local  Government. 

By  John  J.  Clarke,  M.A.,  F.S.S.     .  .  .     Net        2/6 

Outlines  of  the  Economic  History  of  England. 

By  H.  O.  Meredith,  M.A.,  M.Com.  .  .     Net        7/6 

Plain  Economics. 

By  John  Lee,  M.A.,  M.Com.Sc.         .  .  .     Net        3/6 

Social  Administration. 

By  John  J.  Clarke,  M.A.,  F.S.S.  .  .  .     Net       7/6 

Substance  of  Economics,  The. 

By  H.  A.  SiLVERiiAN,  B.A Net        6/- 

Value  for  Money. 

By  Sir  Wm.  Schooling,  K.B.E.        .         .         .     Net       2/6 

BANKING   AND   FINANCE 
Bankers'  Advances. 

By  F,  R.  Stead.     Edited  by  Sm  John  Paget,  K.C, 

Net        6/- 

Bankers'  Advances  Against  Produce. 

By  A.  WiLUAiis,  A.I.B.  ....     Net        6/- 

Bankers '  Credits  and  all  that  Appertains  to  Them  in 
Their  Practical,  Legal,  and  Everyday  Aspects. 
By  W.  F.  Spalding Net      10/6 

Bankers'  Securities  Against  Advances. 

By  Lawrence  A.  Fogg,  Cert.  A.I.B.  .         .     Net       6/- 
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Bankers'  Clearing  House,  The. 
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Dictionary  of  Banking. 
A  Complete  Encyclopaedia  of  Banking  Law  and  Practice. 
By  W.  Thomson  and  Lloyd  Christian    .         .     Net     30/- 

Eastern  Exchange. 

By  W.  F.  Spalding Net      15/- 

Elements  of  Banking. 

By  J.  P.  Gandy Net        2/6 

English  Public  Finance. 

By  Harvey  E.  Fisk Net       7/6 

Foreign  Exchange  and  Foreign  Bills  in  Theory 
and  in  Practice. 

By  W.  F.  Spalding,  Cert.  A.I.B.        .  .  .     Net       7/6 

Foreign  Exchange,  A  Primer  of. 

By  W.  F.  Spalding Net       3/6 

Functions  of  Money,  The. 

By  W.  F.  Spalding Net       7/6 

London  Money  Market,  The. 

By  W.  F.  Spalding Net     10/6 

Money,  Exchange,  and  Banking. 
In  Their  Practical,  Theoretical,  and  Legal  Aspects. 
By  H.  T.  Easton,  A.I.B Net        6/- 

Notes  on  Banking  and  Commercial  Law. 

By  T.  Lloyd  Davies Net       3/- 

Practical  Banking. 

By  J.  F.  G.  Bagshaw.  With  Chapters  on  The  Prmciples 
of  Currency,  by  C.  F.  Hannaford,  A.I.B.,  and  Bank 
Book-keeping,  by  W.  H.  Peard         .  .  .     Net        7/6 

Simple  Interest  Tables. 

By  Sir  William  Schooling,  K.B.E.  .  .     Net     21/- 

Talks  on  Banking  to  Bank  Clerks. 

By  H.  E.  Evans Net       2/6 

Title  Deeds  and  the  Rudiments  of  Real  Property 
Law. 
By  F.  R.  Stead Net       6/- 
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INSURANCE 

,  PRICE 

Actuarial  Science,  The  Elements  of. 

By  R.  E,  Underwood,  M.B.E.,  F.I.A.  .  .     Net       5/- 

Common  Hazards  of  Fire  Insurance. 

By  W.  G.  KuBLER  Ridley,  F.C.I. I.           .          .     Net        5/- 
Guide  to  Life  Assurance. 
By  S.  G.  Leigh,  F.I.A Net        5/- 

Guide  to  Marine  Insurance. 

By  Henry  Keate  .....     Net        3/6 

Insurance. 

By  T.  E.  Young,  B.A.,  F.R.A.S.,  W.  R.  Strong,  F.I.A., 

and  Vyvyan  Marr,  F.F.A.,  F.I.A.       .  .  .     Net      10/6 

Insurance  Office   Organization,  Management, 
and  Accounts. 

By    T.    E.    Young,    B.A.,    F.R.A.S.,    and     Richard 
Masters,  A.C.A.        ......     Net       6/- 

Law  and  Practice  as  to  Fidelity  Guarantees. 

By  C.  Evans  and  F.  H.  Jones         .  .  .     Net       6/- 

Motor  Insurance. 

By  W.  F.  Todd Net       6/- 

Pension,    Endowment,    Life    Assurance,    and 
Other  Schemes  for  Commercial  Companies. 

By  H.  DouGHARTY,  F.C.I.S Net        6/- 

Principles  of  Insurance. 

By  J.  Alfred  Eke  .....      Net       3/6 

Principles  of  Marine  Law.     (See  page  20.) 
Successful  Insurance  Agent,  The. 

By  J.  J.  BiSGOOD,  B.A.,  F.C.I.S.,  J.P.       .  ,     Net        2/6 

Talks  on  Insurance  Law. 

By  J.  A.  Watson,  B.Sc,  LL.B.         .  .  .     Net       5/- 

Workmen's  Compensation  Insurance. 

By  C.  E.  Golding,  LL.B.,  F.C.I.I.   .  .  .Net       5/- 

SHIPPING 
Case  and  Freight  Costs. 

By  A.  W.  E.  Crosfield  ....     Net        2/- 

Consular    Requirements    for    Exporters    and 
Shippers  to  all  Parts  of  the  World. 

By  J.  S.  NowERY Net        7/6 
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Shipping — contd. 
Exporters'  Handbook  and  Glossary,  The. 


Net 


Net 


8/6 
21/- 

2/- 


By  F.  M.  DuDENEY  .....     Net 

Exporting  to  the  World. 

By  A.  A.  Preciado 

How  to  Export  Goods. 

By  F.  M.  Dudeney 

How  to  Import  Goods. 

By  J.  A.  Dunnage  .....     Net       2/- 

Import  and  Export  Trade. 

By  A.  S.  Harvey Net     21/- 

Shipbroking. 

By  C.  D.  MacMurray  and  M.  M.  Cree  .  .     Net       3/6 

Shipping. 

By  A.  Hall  and  F.  Heywood  .  .  .     Net       2/6 

Shipping  Business  Methods. 

By  R.  B.  Paul Net        3/6 

Shipping   Office   Organization,  Management, 
and  Accounts. 

By  Alfred  Calvert         .....     Net       6/- 


SECRETARIAL   WORK 


Chairman's  Manual. 

By   GuRDON   Palin,   of   Gray's  Inn,    Barrister-at- Law, 

and  Ernest  Martin,  F.C.I.S.    ....     Net       5/- 

Company  Secretarial  Work. 

By  E.  Martin,  F.C.I.S.  .  .  .  .Net       2/6 

Company  Secretary's  Vade  Mecum. 

Edited  by  P.  Tovey,  F.C.I.S Net       3/6 

Debentures. 

A  Handbook  Jor  Limited  Company  Officials,  Investors, 

and  Business  Men. 

By  F.  SiiEWELL  Cooper,  M.A.,    Barrister-at- Law     Net        6/- 

Dictionary  of  Secretarial  Law  and  Practice. 

Edited  by  Philip  Tovey,  F.C.I.S.  A  comprehensive 
Encyclopaedia  of  information  and  dii'ection  on  all 
matters  connected  with  the  work  of  a  Company 
Secretary.  With  contributions  by  nearly  40  eminent 
authorities  ......     Net      42/- 
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Secretarial  Work — contd. 

PKIOB 

Guide  for  the  Company  Secretary. 

By  Arthur  Coles,  F.C.I.S Net        6/- 

Guide  to  Company  Secretarial  Work. 

By  O.  Oldham,  A.G.I.S.  ....     Net        3/6 

How  to  Become  a  Company  Secretary. 

By  E.  J.  Hammond,  A.O.I.S Net        3/6 

How  to  Become  a  Private  Secretary. 

By  J.  E.  McLachlan Net        3/6 

How  to  Take  Minutes. 

Edited  by  E.  Martin,  F.C.I.S.  .  .  .Net        2/6 

Outlines  of  Transfer  Procedure  in  Connection 
with  Stocks,  Shares,  and  Debentures 
of  Joint  Stock  Companies. 

By    F.    D.    Head,    B.A.    (Oxon),     o/     Lincoln's     Inn, 
Barrister-at- Law         ......     Net        3/6 

Practical  Share  Transfer  Work. 

By  F.  W.  LiDDiNGTON Net        3/6 

Prospectuses  :  How  to  Read  and  Understand 
Them. 

By  Philip  Tovey,  F.C.I.S Net        5/- 

Questions  and  Answers  on  Secretarial  Practice. 

By  E.  J.  Hammond,  A.C.I.S Net        7/6 

Secretary's  Handbook. 

Edited  by  H.  E.  Blain,  C.B.E.  .  .  .     Net        6/- 

Transfer  of  Stocks,  Shares,  and  Other 
Marketable  Securities. 

By  F.  D.  Head,  B.A Net      10/6 

What  is  the  Value  of  a  Share  ? 

By  D.  W.  RossiTEB  ....     Net       2/6 


INCOME   TAX 
Corporation  Profits  Tax. 

By  P.  D.  Leake Net        1/- 

Income  Tax  and  Super  Tax  Practice. 

By  W.  E.  Snelling Net      12/6 
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Income  Tax — contd. 

PRIOB 

Practical  Income  Tax. 

By  W.  E.  Snelling Net        3/6 

Super  Tax  Tables. 

By  G.  O.  Parsons Net       1/- 

INDUSTRIAL  ADMINISTRATION 
Common  Sense  and  Labour. 

By  S.  Crowther Net       8/6 

Current  Social  and  Industrial  Forces. 

Edited  by  L.  D.   Edie Net      12/6 

Employment  Management. 

Compiled  and  Edited  by  Daniel  Bloomfeeld   .     Net       8/6 

Factory  Administration  in  Practice. 

By  W.  J.  Hiscox Net       8/6 

Industrial  Control  (Applied  to  Manufacture). 

By  F.  M.  Lawson,  A.M.I.C.E.,  A.M.I.Mech.E.    .     Net        8/6 

Industrial  Organization. 

By  John  Lee,  M.A.,  M.Com.Sc.         .  .  .     Net       5/- 

Lectures  on  Industrial  Administration. 

Edited  by  B.  Muscio,  M.A Net       6/- 

Management. 

By  J.  Lee Net       5/- 

Modern  Industrial  Movements. 

Edited  by  D,  Bloomfield         ....     Net     10/6 

Outlines  of  Industrial  Administration. 

By  R.  O.  Herford,  H.  T.  Hildage,  and  H.  G.  Jenkins 

Net       6/- 
Patents  for  Inventions. 

Bv  J.  EwAKT  Walker,  B.  A.,  and  R.  Bruce  Foster,  B.Sc. 

Net     21/- 
Philosophy  of  Management,  The. 

By  Oliver  Sheldon,  B.A.        ....     Net     10/6 

Principles  of  Industrial  Administration,  An 
Introduction  to. 

By  A.  P.   M.   Fleming,   C.B.E.,  M.Sc,   M.I.E.E.,  and 

H.  J.  Brocklehurst,  M.Eng.,  A.M.I. E.E.  .     Net       3/6 

Problems  of  Labour. 

Compiled  and  Edited  by  Daniel  Bloomfield   .     Net       8/6 
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Industrial  Administration — contd. 

PKICE 

Psychology  of  Management,  The. 

By  L.  M.  GiLBRETH Net        7/6 

Research  in  Industry. 

By  A.  P.   M.   Fleming,   C.B.E.,   M.Sc,   M.I.E.E.,  and 

F.  G.  Fearce,  B.Sc,  A.M.I.E.E.        .  .  .     Net      10/6 

Sharing  Profits  With  Employees. 

By  J.  A.  Bowie,  M.A Net      10/6 

Workshop  Committees. 

By  C.  G.  Renould Net        1/- 

BUSINESS   ORGANIZATION   AND 
MANAGEMENT 
Business  Management  for  Small  Retailers. 

By  H.  W.  Theedam Net       3/6 

Card  Index  System.  Net      2/6 

Clubs  and  Their  Management. 

By  Francis  W.  Ftxt.f.y,  F.C.A.         .  .         .     Net       7/6 

Colliery  Office  Organization  and  Accounts. 

By  J.   W.   Innes,   F.C.A.,   and   T.   Colin   Campbell, 
F.C.I Net       7/6 

Counting-House  and  Factory  Organization. 

By   J.    GiLMOUR  WiLLLASISON       ....      Net         7/6 

Drapery  Business  Organization,  Management, 
and  Accounts. 

By  J.  Ernest  Bayley Net       7/6 

Filing  Systems. 

By  E.  a.  Cope Net        3/6 

Grocery  Business  Organization  and  Manage- 
ment. 

By  C.  L.  T.  Beeching  and  J.  Arthur  Smart       .    Net       6/- 

Manual  of  Duplicating  Methods. 

By  W.  Desborough  .....     Net        3/- 

Municipal  Organization. 

By  Montagu  H.  Cox,  LL.B Net       5/- 

Office  Machines,  Appliances,  and  Methods. 

By  W.  Desborough,  F.C.I Net       6/- 
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Business  Organization,  and  Management — contd. 


PRICE 


Office  Organization  and  Management,  Includ- 
ing  Secretarial  Work. 

By    Lawrence    R.     Dicksee,    M.Com.,    F.C.A.,    and 

H.  E.  Blain,  C.B.E Net        7/6 

Organization  of  a  Small  Business,  The. 

By  W.  A.  SiMiTH Net        2/6 

Solicitors'  Office  Organization,  Management, 
and  Accounts. 

By  E.  A.  Cope  and  H.   W.  H.  Robins      .  .     Net       6/- 

ADVERTISING  AND  SALESMANSHIP 
Ads.  and  Sales. 

By  Hei{BERT  N.  Casson  ....     Net       8/6 

Advertising 

By  Howard  Bridgewater        ....     Net       2/6 

Advertising  as  a  Business  Force. 

By  P.  T.   Cherington Net      10/6 

A  Short  Course  in  Advertising. 

By  A.  F.  OsBORN Net      12/6 

Business  Man's  Guide  to  Advertising. 

By  A.  E.  Bull Net       3/6 

Buying  Goods. 

By  A.  E.  Bull Net       2/- 

Commercial  Travelling. 

By  ^\XBERT  E.  Bull Net       3/6 

Craft  of  Silent  Salesmanship. 

By  C.  Maxwell  Tregurtha  and  J.  W.  Frings    Net       5/- 

Efficient  Salesmanship. 

By  F.  W.  Shrubs  ALL Net       2/- 

Mail  Order  Business,  Conducting  a. 

By  A.  E.  Bull Net       2/- 

Mail  Order  Organization. 

By  P.  E.  Wilson Net       3/6 

Making   Advertisements   and   Making   Them 
Pay. 

By  Roy  S.  Durstine Net     12/6 

Modern  Methods  of  Selling. 

By  L.  J.  HoENiG      ....  Net     10/6 
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Advertising  and  Salesmanship— contd. 

PEICB 

Modern  Publicity. 

By  A.  W.  Dean Net        2/6 

New  Business,  The. 

By  Harry  Tipper Net        8/6 

Practical  Press  Publicity. 

By  A.  L.  CuLYER Net        3/6 

Practical  Salesmanship. 

By*N.  C.  FowixER,  assisted  by  29  expert  salesmen,  etc.  Net        7/6 

Principles  of  Practical  Publicity. 

By  Truman  A.  de  Weese         ....     Net      10/6 

Psychology    of    Advertising    in    Theory    and 
Practice,  The. 

By  W.  Dell  Scott,  Ph.D Net     12/6 

Salesmanship. 

By  W.  A.  CoRBiON  and  G.  E.  Grimsdale  .     Net        3/6 

Window  Dressing. 

By  G.  L.  TiMMiNS Net        2/- 

BUSINESS  HANDBOOKS  AND  WORKS 
OF   REFERENCE 

Business  Man's  Encyclopaedia  and  Dictionary 
of  Commerce. 

Edited  by  J.  A.  Slater,  B.A.,  LL.B.  (Lond.).  Assisted 
by  about  50  specialists  as  contributors.  A  reliable  and 
comprehensive  work  of  reference  on  all  commercial  sub- 
jects, specially  written  for  the  busy  merchant,  the 
commercial  student,  and  the  modern  man  of  affairs. 
Four  vols Net  £4/4/- 

Business  Man's  Guide. 

Edited  by  J.  A.  Slater,  B.A.,  LL.B.         .  .     Net       6/- 

Business  Statistics. 

By  R.  W.  Holland,  O.B.E.,  M.A.,  M.Sc,  LL.D.     Net       3/6 

Business  Terms,  Phrases,  and  Abbreviations. 

Net      3/6 
Commercial  Arbitrations. 

By  E.  J.  Parry,  B.Sc,  F.I.C,  F.C.S.        .  .     Net        3/6 

Commercial  Commodities. 

By  F.  Matthews,  B.Sc,  A.I.C.,  F.C.S.      .  .     Net     12/6 
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Business  Handbooks  and  Works  of  Reference-contd. 

PRICB 

Commercial  Contracts. 

By  E.  J.  Parry Net       5/- 

Commercial  Self -Educator. 

Edited  by  R.  W.  Holland,  O.B.E.,  M.A.,  M.Sc,  LL.D. 

Two  Vols Net     30/- 

Commodities  of  Commerce. 

By  J.  A.  Slater,  B.A.,  LL.B.  .  .  .     Net       6/- 

Complete  Guide  to  the  Improvement  of  the 
Memory. 

By  the  late  Rev.  J.  H.  Bacon  .  .  .     Net        1/6 

Dictionary  of  the  World's  Commercial  Pro- 
ducts. 

By  J.  A.  Slater,  B.A.,  LL.B.  (Lond.)        .  .     Net       3/6 

Discount,  Commission,  and  Brokerage  Tables. 

By  Ernest  Heavingham  ....     Net       1/6 

Drapery  and  Drapers'  Accounts. 

By  Richard  Beynon        .....     Net       3/6 

History,    Law,    and    Practice    of    the    Stock 
Exchange,  The. 

By  A.   P.   PoLEY,   B.A.,    Barrister-at-Law,  and   P.   H. 
Carruthers  Gould  .....     Net       7/6 

Ironmongery  and  Ironmongers'  Accounts. 

By  S.  W.  Francis Net       3/6 

Investor's  Manual,  The. 

By  W.  W.  Wall,  F.S.S.,  F.J.I.  .  .  .Net       3/6 

Mercantile  Terms  and  Abbreviations. 

Net       1/6 

Money  and  the  Stock  and  Share  Markets,  The. 

By  Emil  Davies Net       2/6 

Shareholder's  Manual,  The. 

By  H.  H.  Bassett Net       3/6 

LAW 

Bankruptcy,  Deeds  of  Arrangement,  and  Bills 
of  Sale. 

By  W.  Valentine  Ball,  M.A.,  Barrister-at-Law      Net     12/6 

Bills,  Cheques,  and  Notes. 

By  J.  A.  Slater,  B.A.,  LL.B.  .         .         .    Net       6/- 
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Law — contd. 

PEICB 

Commercial  Law  of  England,  The. 

By  J.  A.  Slater,  B.A.,  LL.B.  (Lond.)        .  .     Net        3/6 

Companies  and  Company  Law. 

By  A.  C.  CONXELL,  LL.B.  (Lond.)      .  .  .     Net        6/- 

Company  Case  Law. 

By  F.  D.  He^vd,  B.A.  (Oxon)  .  .  .     Net        7/6 

Elements  of  Commercial  Law,  The. 

By  A.  H.  Douglas,  LL.B.  (Lond.)    .         .         .     Net       2/6 

Elementary  Law. 
By  E.  A.  Cope Net       5/- 

Examination  Notes  on  Commercial  Law. 

By  R.  W.  Holland,  O.B.E.,  M.A.,  M.Sc,  LL.D.       Net        2/6 

Examination  Notes  on  Company  Law. 

By  R.  W.  Holland,  O.B.E.,  M.A.,  M.Sc,  LL.D.       Net        2/6 

Guide  to  Company  Law. 

By  R.  W.  Holland,  O.B.E.,  M.A.,  M.Sc,  LL.D.       Net        3/6 

Guide  to  Railway  Law. 

By  Akthub  E.  Chapman,  M.A.,  LL.D.  (Camb.)       Net        7/6 

Guide  to  Bankruptcy  Law  and  Winding-up 
of  Companies. 

By  F.  Porter  Fausset,  B.A.,  lAj.B.yBarrister-cU-  Law  Net      3/6 

Guide  to  the  Law  of  Licensing. 

By  J.  Wells  Thatcher  ....     Net        5/- 

Inhabited  House  Duty. 

By  W.  E.  Snelling Net      12/6 

Law  of  Contract,  The. 

By  R.  W.  Holland,  M.A.,  M.Sc,  LL.D.,  of  the  Middle 
Temple,  Barrister-at- Law   .....     Net        5/- 

Law  of  Repairs  and  Dilapidations. 

By  T.  Cato  Worsfold,  M.A.,  LL.D.  .  .     Net        3/6 

Law  Relating  to  Secret  Commissions  and 
Bribes  (Christmas  Boxes,  Gratuities, 
Tips,  etc.),  The. 

By  Albert  Crew,   Barrister-at-  Law.     With    American 
Notes  by  Morten  Q.  ]\L\cdoxald,  LL.B.  .     Net      10/6 

Law  Relating  to  the  Carriage  by  Land  of 
Passengers,  Animals,  and  Goods,  The. 

By  S.  W.  Clarke,    oj   the    Middle    Temple,    Barrisier- 
at-Law Net       7/6 
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Law — contd. 


PRIOB 


Law  Relating  to  the  Child  :  Its  Protection, 
Education,  and  Employment,  The. 

By  R.  W.  H01.LAND,  O.B.E.,  M.A.,  M.Sc,  LL.D.      Net       5/- 

Law  Relating  to  Trade  Customs,  Marks, 
Secrets,  Restraints,  Agencies,  Etc.,  Etc., 
The. 

By  Lawrence  Duckworth,  Barrister-at- Law     .     Net       1/3 
Legal  Aspect  of  Commerce,  The. 

By  A.  ScHOLFiELD,  M.Com.,  A.C.I.S.  .  .     Net        7/6 

Legal  Terms,  Phrases,  and  Abbreviations. 

By  E.  A.  Cope Net       3/- 

Mercantile  Law. 

By  J.  A.  Slater,  B.A.,  LL.B.  (Lend.)       .  .     Net       7/6 

Outlines  of  Company  Law. 

By  F.  D.  Head,  B.A.  (Oxon)  .  ,  .     Net       2/6 

Partnership  Law  and  Accounts. 

By  R.  W.  Holland,  O.B.E.,  M.A.,  M.Sc,  LL.D.       Net       6/- 

Principles  of  Marine  Law. 

By  Lawrence  Duckworth       ....     Net       7/6 
Questions  and  Answers  in  Commercial  Law. 

By  R.  W.  Holland Net       5/- 

Railway  (Rebates)  Case  Law. 

By  Geo.  B.  Lissenden     .....    Net      10/6 

Solicitor's  Clerk's  Guide. 

By  E.  A.  Cope Net        4/- 

Wills,  Executors  and  Trustees. 

By  J.  A.  Slater,  B.A.,  LL.B.  (Lond.)       .         .    Net       2/6 

TRANSPORT 

Industrial  Traffic  Management. 

By  G.  B.  Lissenden Net     21/- 

History  and  Economics  of  Transport,  The. 

By    A.    W.    Kirkaldy,    M.A.,    B.Litt.,    M.Com.,    and 

A.  D.   Evans Net     15/- 

How  to  Send  Goods  by  Road,  Rail,  and  Sea. 

By  G.  B.  Lissenden         .....     Net       2/- 
Motor     Road     Transport     for     Commercial 
Purposes. 
By  J.  Phillimobb Net     12/6 
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PITMAN  *S 

COMMON  COMMODITIES  AND  INDUSTRIES 

SERIES 


In  each  volume  of  this  series  a  particular  product  or  industry  is 
treated  by  an  expert  writer  and  practical  man  of  business  in  an 
interesting  non-technical  style.  Beginning  with  the  life  history 
of  the  plant,  or  other  natiu-al  product,  he  follows  its  development 
untH  it  becomes  a  commercial  commodity,  and  so  on  through 
the  various  phases  of  its  sale  in  the  market  and  its  purchase 
by  the  consvuner.  Industries  are  treated  in  a  similar  manner, 
so  that  these  books  form  ideal  introductions  to  the  particular 
industries  with  which  they  deal. 

In  crown  8vo,  about  150  pp.,  including  many  illustrations,  and, 
where  necessary,  a  map  and  diagrams.     3s.  net. 


Tea. 

By  A.   Ibbetson. 
Coffee. 

By  B.   B.  Ktjatit.tc- 
Sugar. 

By  Geo.  Mabttneau,  C.B. 
Oils. 

By  C.  AixswoRTH  Mitchell. 
Wheat  and  Its  Products. 

By  AxDREW  ^Millar. 
Rubber. 

By    C.     Beadle    and    H.     P. 

Stevens,  M.A.,  Ph.D.,  F.I.C. 
Iron  and  Steel. 

By  C.  Hood. 
Copper. 

By  H.  K.  Picabd. 
Coal. 

By  Francis  H.  Wilson, 

M.Inst.M.E. 
Timber. 

Bj'   W.    BULLOCJK. 

Cotton. 

Bv  R.  J.  Peake. 
SUk: 

Bv  Luther  Hooper. 
Wool. 

By  J.  A.  Hunter. 
Linen. 

By  Alfred  S.  Moorb. 
Tobacco. 

By  A.  E.  Tanner. 


Leather. 

By  K.  J.  Adcock. 
Clays  and  Clay  Products. 

By  Alfred  B.  Searle. 
Paper. 

By  Harry  A.  Maddox. 
Soap. 

By  William  H.  Simmons,  B.Sc. 

(Lond.),  F.C.S. 
Glass  and  Glass  Making. 

By  P.  ]\Li.RsoN. 
Gums  and  Resins. 

By   Ernest   J.    Parry,    B.Sc, 

F.I.C,  F.C.S. 
The  Boot  and  Shoe  Industry. 

By  J.  S.  Harding. 
The  Motor  Industry. 

By  Horace  Wyatt,  B.A. 
Gas  and  Gas  Making. 

By  W.  H.  Y.  Webber,  C.E. 
Furniture. 

By    H.    E.    BiNSTEAD. 

Coal  Tar. 

By  A.  R.  Warnes,  F.C.S. 
Petroleum. 

By  A.  Lidqett. 
Salt. 

By  A.  F.  Calvert,  F.C.S. 
Zinc  and  Its  Alloys. 

By  T.  E.  LoN-ES,  M.A.,  LL.D. 
Asbestos. 

By  A.  L.  Summers. 


21 


Common  Commodities  Series — contd. 


Knitted  Fabrics. 

By    John    Chamberlain    and 

James  H.  Quilter. 
Cordage  and  Cordage  Hemp. 

By    T.     WooDHOUSE    and     P. 

KrLGOtTR. 

Carpets. 

By  R.  S.  Brinton. 
Photography. 

By  W.  Gamble,  F.R.P.S. 
Acids,  Alkalis,  and  Salts. 

By  G.  H.  J.  Adlam,  M.A.,  B.Sc. 
Silver. 

By  B.  White. 
Electricity. 

By  R.  E.  Neale,  B.Sc.  (Hens.). 
Butter  and  Cheese. 

By   C.    W.    Walkeb    Tisdale 

and   Jean   Jones 
Paints  and  Varnishes. 

By  A.  S.  Jennings,  F.I.B.D. 
Aluminium. 

By  G.  Mortimer,  M.Inst. Met. 
Gold. 

By  B.  White. 
Stones  and  Quarries. 

By  J.    Allen   Howe,    B.Sc. 
Lead. 

By  J.  A.  Smythe,  Ph.D.,  D.Sc. 
The  Clothing  Industry. 

By  B.  W.  Poole,  M.U.K.A. 
Modern  Explosives. 

By    S.    1.    Levy,    B.A.,    B.Sc. 
Anthracite. 

By  A.  L.  Summers. 
The  British  Corn  Trade. 

By  A.  Barker. 
Engraving. 

By  T.  W.  Lascelles. 
Telegraphy,  Telephony,  and 

Wireless. 

By  Joseph  Poole,  A.M.I.E.E. 
The  Raw  Materials  of  Perfumery. 

By    Ernest    J.   Parry,   B.Sc. 
Cold  Storage  and  Ice  Making. 

By  B.  H.  Springett. 
The  Electric  Lamp  Industry. 

By  G.  Arncliffe  Percival. 
Patent  Fuels. 

By    J.    A.    Greene   and    Dr. 

MoLLWO  Perkin. 


Gloves  and  the  Glove  Trade. 

By  B.  E.  Ellis. 
The  Jute  Industry. 

By    T.     Woodhouse    and     P. 

Kjlqour. 
The  Film  Industry. 

By  Davidson  Bouohey. 
The  Cycle  Industry. 

By  W.  F.   Grew. 
Drugs  in  Commerce. 

By  J.   Humphrey,  Ph.C. 
Cotton  Spinning. 

By  A.   S.  Wade. 
Sulphur. 

By  H.  A.  AuDEN,   D.Sc. 
Ironfounding. 

By  B.  W'hiteley. 
Textile  Bleaching. 

By  Alec.  B.  Steven. 
Alcohol. 

By   C.    SiMMONDS. 

Internal  Combustion  Engines. 

By  J.  Okill,  M.I.A.E. 
Straw  Hats. 

By  H.   Inwards. 
Velvet  and  Corduroy. 

By  J.  H.  CooKE. 
Dyes. 

By  A.  J.  Hall. 
Concrete. 

By   W.    Noble   Twel%t;trees. 
Wine  and  the  Wine  Trade. 

By  Andre  L.  Simon. 
Wall  Paper. 

By  G.  Whiteley  Ward. 
Sponges. 

By  E.  J.  J.  Cresswell. 
Clocks  and  Watches. 

By  G.  L.  0\  erton. 
Incandescent  Lighting. 

By    S     I.    Levy,  B.A.,    B.Sc. 
Oil  Power. 

By  Sidney  H.  North. 
The  Fishing  Industry. 

By  Dr.  W.  E.  Gibbs. 
Starch  and  Starch  Products. 

By  H.  A.  Auden,  D.Sc,  F.C.S. 
Talking  Machines. 

By  OGiL\aE  Mitchell. 
Brushmaker,  The. 

By  Wm.  Kiddier. 
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FOREIGN   LANGUAGES 
FRENCH 

FBICl 

Progressive  French  Grammar. 

By  Dr.  F.  A.  Hedgcock,  M.A.,  D.es.L.     Part  I, 

3/6  Net.     Paxt  II,  3/-  Net  .  .     Complete     Net       5/6 

Commercial  French  Grammar. 

By  F.  W.  M.  Draper,  M.A.,  B.es.L.     .  .  .     Net       2/6 

French-English    and    English-French    Com- 
mercial Dictionary. 

By  F.  W.  Smith Net     10/6 

Commercial  Correspondence  in  French.     Net      3/6 
GERMAN 

A  New  German  Grammar. 

By  J.  Keegan,  M.A Net       5/6 

Commercial  German-Grammar. 

By  J.  BrmELL,  M.A Net       3/6 

German -English  and  English-German  Com- 
mercial Dictionary. 

By  J.  BiTHELL,  M.A Net     10/6 

Commercial  Correspondence  in  German.    Net      3/6 

SPANISH 
Spanish  Commiercial  Grammar. 

By  C.  A.  ToLEDANO Net       4/6 

Spanish-English  and  English-Spanish  Com- 
mercial Dictionary. 

By  G.  R.  JNlACDONALD  .....      Net     15/- 

Manual  of  Spanish  Commercial    Correspon- 
dence. 

By  G.  R.  Macdonald Net       4/6 

ITALIAN 

Italian  Commercial  Grammar. 

By  LuiGi  Ricci  ......     Net       4/- 

Mercantile  Correspondence,  English -Italian. 

Net       5/- 
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PORTUGUESE 

FBIOK 

Practical  Portuguese  Grammar.  Net    7/6 

Mercantile   Correspondence,  English -Portu- 
guese. Net    3/6 

PITMAN  *S   SHORTHAND 

Pitman's  Shorthand  holds  the  world's  record 
for  speed  and  accuracy 

For  Complete  List  of  Text-books,  Phrase  Books, 
Dictation  Books,  Reading  Books,  etc.,  see  Pitman's 
"  Shorthand    and    Typewriting    Catalogue." 

Pitman's  Shorthand  Instructor.  5/- 

Pitman's  Shorthand  Commercial  Course.  5/- 

Pitman's  Shorthand  Rapid  Course.  5/- 

English  and  Shorthand  Dictionary.  10/- 

Shorthand  Dictionary.  7/6 

Shorthand  Clerk's  Guide. 

By  V.  E.  CoLLiNGE,  A.C.I.S Net       2/6 

Progressive  Dictator.  2/6 

Phonographic  Phrase  Book.  Paper  1/6,  Cloth  2/- 

TYPEWRITING 
Pitman's  Commercial  Typewriting. 

By  W.  and  E.  Walmsley  ....  5/- 

Pitman's  Typewriter  Manual.  5/- 

A  New  Course  in  Typewriting. 

By  Mrs.  Smith-Clough,  F.Inc.S.T.      .  .  .     Net       2/6 

Practical  Course  in  Touch  Typewriting. 

By  C.  E.  Smith 2/6 

Dictionary  of  Typewriting. 

By  11.  Etheridge     ......     Net       7/6 

Mechanical  Devices  of  the  Typewriter. 

By  K.  T.  Nicholson,  M.A Net       6/- 

Work  and  Management  of  a  Copying  Office, 

The.  Net     10/6 

Contpleie  List  post  free  on  upplicutiun. 


Sir  Isaac  Pitman  &  Sons,  Ltd.,  Parker  St.,  Kingsway,  London.W.C.2 

PrifUed  i»  Bath,  England,  by  Hir  Isaac  Pitman  &  Sons,  Ltd. 
(2«l9w) 
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